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TESTS  FOR  GOLD  AND  SILVER  IN  SHALES  FROM 
WESTERN  KANSAS. 


By  Waldemar  Lindgren. 


IXTRODUCTIOX. 

The  assertion  that  certain  clay  shales  of  western  Kansas  contain 
gold  and  silver  dates  back  about  seven  years.  In  1805  a  company  of 
men,  among  them  a  certain  II.  II.  Artz,  sunk  a  shaft  near  Smoky 
Hill  River,  in  Trego  County,  prospecting  for  zinc.  It  is  stated  that 
some  indications  of  this  metal  were  found,  but  of  more  importance 
was  the  announcement  that  the  soft  clay  shales  encountered  contained 
a  notable  percentage  of  gold.  It  soon  became  known  that  the  same 
clay  shales  extended  through  a  large  part  of  Ellis  County  and  were 
especially  well  exposed  in  the  bluffs  along  Smoky  Hill  River  in  the 
southern  part  of  that  county.  A  great  number  of  assays  of  these 
shales  were  made  by  different  persons,  and  a  large  percentage  of  the 
samples  was  said  to  contain  gold  and  silver.  The  asserted  amounts 
vary  considerably.  Dr.  J.  T.  Lovewell,  of  Topeka,  in  a  paper  read 
before  the  Kansas  Academy  of  Science,^  stated  that  he  had  made 
many  hundreds  of  assays  and  supposed  that  the  clay  had  average 
values  of  12  to  $3  per  ton  in  gold  and  silver,  the  latter  metal  always 
accompanying  the  gold.  One  series  of  100  assays  gave  an  average  of 
more  than  *10  per  ton.  Dr.  Ernst  Fahrig,  of  Philadelphia,*  obtained 
from  actual  mill  runs  in  an  experimental  plant  an  average  of  $2.80 
per  ton.  One  of  these  runs  yielded  2.6  ounces  silver  and  $1.36  gold 
I)er  ton,  and  another  of  them  gave  an  aggregate  value  of  f?6. 75  per  ton. 
The  Kansas  Pioneer  Gold  Shale  Company,  advertising  their  stock  in 
the  principal  papers  of  St.  Louis,  Chicago,  and  New  York,  state  the 
value  as  88  to  §10  per  ton,  and  compute  the  wealth  contained  in  one 
acre  of  shales  to  be  $5,250,000.  Others,  among  them  Prof.  E.  Ha  worth, 
of  the  Kansas  State  University,  have  denied  that  the  shales  contain 
gold  in  notable  quantities.^ 

The  statements  of  tenor  obtained  by  assays  are  usually  accom- 
panied by  the  explanation  that  the  values  are  extremely  in*egular, 
different  assays  from  the  same  carefully  mixed  pulp  giving  widely 
dififerins:  results. 


"Topeka  Semi  weekly  Capital,  January  3, 1903. 
fr  Kansas  Daily  Capital,  Topeka,  May  3,  l»e. 

<*  Kansas  Semiweekly  Capital,  Topeka,  June  ft,  \W2.    Mineral  RestmnvH  of  Kansas  for  1898, 
Lawrence,  Kans.,  1899. 
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It  was  not  long  before  mills  were  erected  to  extract  the  values  from 
the  clay  shale.  In  1900  a  company  was  formed  and  erected  a  mill  on 
Smoky  Hill  River,  14  miles  west-southwest  of  Hays.  Some  kind  of 
a  chloridizing  process  was  to  be  used,  but  no  run  was  ever  made,  the 
superintendent  and  owner  of  the  process,  W.  F.  Miller,  absenting 
himself  unexpectedly  before  actual  work  had  begun.  In  1901  a 
smaller  experimental  mill  was  built  near  the  works  just  mentioned  by 
Mr.  A.  G.  Gage,  who  used  a  variation  of  the  cyanide  process,  and 
claimed  to  have  extracted  some  gold  during  a  series  of  short  runs. 
In  the  spring  of  1902  the  Kansas  Pioneer  Gold  Shale  Company  built  a 
mill  using  the  same  process  and  supposed  to  handle  100  tons  per  day. 
This  mill,  which  is  located  11  miles  southwest  of  Hays,  on  Smoky 
Hill  River,  had  just  started  crushing  and  leaching  in  May,  1902. 
Finally,  during  the  same  month,  a  company  called  the  Fahrig  Mining 
and  Milling  Company  was  organized  in  Topeka  for  the  purpose  of 
constructing  and  operating  a  100-ton  mill  on  Smoky  Hill  River.  The 
Fahrig  process  consists  in  treating  the  ore  with  a  salt  of  unrevealed 
composition  and  in  precipitating  the  gold  and  silver  by  electrolytic 
methods. 

FIEIiD  WORK. 

The  investigation  of  the  Kansas  shale  deposits  was  undertaken  by 
the  United  States  Geological  Sun^ey  in  Ma3%  1902.  The  actual  work 
in  the  field  occupied  eight  days,  from  Ma}'  12  to  May  20,  and  was 
carried  on  from  Hays  as  a  base. 

IX)CATIOX. 

Although  attention  was  first  drawn  to  the  shales  in  question  through 
prospecting  work  in  Trego  County,  all  the  later  developments  have 
taken  place  in  Ellis  County,  adjoining  Trego  County  on  the  east. 
Ellis  is  one  of  the  west-central  counties  of  Kansas.  Its  county  seat, 
Hays,  is  located  on  the  line  of  the  Union  Pacific  Railroad,  272  miles 
west  of  Kansas  City.  Although  near  the  western  limit  of  the  "  rain 
belt,"  the  county  produces  much  wheat  and  supports  a  numerous  and 
well-to-do  farming  popuLation. 

TOPOGRAPHIC  FEATURES  ^VXD  DRAINAGE. 

The  region  is  drained  by  Smoky  Hill  River,  which  has  its  head- 
waters in  eastern  Colorado  and  flows  through  the  southern  part  of 
Trego  and  Ellis  counties  almost  due  east  to  its  junction  with  the 
Saline  River.  In  Ellis  County  Saline  River  flows  parallel  to  and  25 
miles  north  of  Smoky  Hill  River.  Big  Creek  traverses  Ellis  County 
diagonally,  flowing  southeasterly  to  its  junction  with  Smoky  Hill 
River.  As  may  be  expected  of  a  stream  heading  in  an  arid  countiy. 
Smoky  Hill  River  sometimes  runs  dry.  After  heavy  rains  it  rises 
rapidly  and  is  often  unfordable. 

The  general  relief  is  that  of  a  rolling,  gently  undulating  country. 
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through  which  the  rivers  have  cut  well-defined  though  not  very  deep 
trenches.  The  elevation  at  Hays  is  2,000  feet.  Along  Smoky  Hill 
River  south  of  Hays  elevations  range  from  1,9^0  to  2,000  feet. 
Smooth,  grassy  hills  rise  between  Big  Creek  and  Smoky  Hill  River  to 
2,200  and  2,300  feet,  and  to  somewhat  less  elevation  between  Big 
Creek  and  the  Saline.  East  of  Hays  still  more  gentle  outlines  pre- 
vail, the  divide  rising  little  more  than  100  feet  above  the  main  streams. 
The  highest  elevations,  2,400  feet,  are  in  the  rough  hills  south  of 
Smoky  Hill  River,  about  20  miles  west-southwest  of  Hays. 

Smoky  Hill  River  flows  in  a  sandy  bed  rarely  more  than  a  few  hun- 
dred feet  in  width.  The  gentle  curves  of  the  stream  are  marked  by 
steep  bluffs,  20  to  80  feet  high,  on  the  convex  side  and  moderate 
slopes  on  the  opposite,  concave,  side.  These  bluffs  are  due  to  the 
lateral  cutting  of  the  banks  by  the  river. 

This  part  of  Kansas  is  mapped  by  the  United  States  Geological 
Survey  on  a  scale  of  2  miles  to  the  inch  and  with  a  contour  interval 
of  20  feet;  the  Hays  and  Ellis  quadrangles  embrace  all  points  referred 
to  in  this  paper. 

GEOLOGICAL,    FEATURES. 

The  geologj'  of  this  part  of  Kansas  is  described  in  a  general  way  in 
Volume  II  of  the  Report  of  the  University  Geological  Survey  of 
Kansas.  The  rocks  exposed  are  sedimentary  and  of  Cretaceous  age, 
excepting  the  sands  and  gravels  along  the  river,  which,  of  course,  are 
of  much  later  (Pleistocene)  age.  The  two  great  divisions  of  the  Cre- 
taceous, the  Benton  and  the  Niobrara,  cover  the  whole  area.  The 
beds  of  shale  and  lime  lie  nearly  horizontal  but  have  a  slight  north- 
easterly dip. 

CRETACEOUS    ROCKS. 

Beginning  from  the  top,  that  part  of  the  Cretaceous  column  with 
which  we  are  here  concerned  is  subdivided  as  follows:'* 

Section  of  Cretaceous  rocks  in  western  Kansas, 

Feet, 
r  Smoky  Hill  chalk 300 

Niobrara  group ■{  Fort  Hays  limestone 50 

tSeptaria  horizon. 

[Bine  Hill  shale 100 

Upper  '  Ostrea  shales 150 

[  Fencepost  limestone 1 

( Inoceramus  horizon 5 

i  Flagstone 10 

Lower  j  Lincoln  marble -     15 

I  Bitnminons  shale 30 

Total 061 


Benton  group. 


"The  dlvisioiw  here  iwed  follow  the  description  by  Prof.  E.  Haworth,  Oeol.  Surr.  Kansas, 
Vol.  II,  pp.  215-221. 
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Niobrara  group, — The  upper  member  of  this  group,  the  Smoky 
Hill  chalk,  does  not  cover  notable  areas  in  Ellis  County.  The  Fort 
Hays  limestone,  on  the  contrary,  is  exposed  on  the  hills  south  of 
Hays  and  also  to  some  extent  on  the  ridge  north  of  that  town.  The 
thickness  is  not  over  50  feet.  The  rock  is  a  yellowish  limestone, 
easily  dressed  and  locally  used  as  building  stone.  It  appears  again 
south  of  Smoky  Hill  River,  capping  the  shale  in  th3  roughly  eroded 
area  20  miles  west-southwest  of  Hays. 

Just  below  the  Fort  Hays  limestone  is  a  well-marked  horizon,  in 
which  the  shales  contain  large  calcareous  concretions  (septaria), 
often  large  and  containing  abundant  veins  and  crystallized  masses  of 
calcite  of  different  colors  ranging  from  white  to  dark  brown. 

Benton  group. — A  great  thickness  (2^0  feet)  of  shales  underlies  the 
Fort  Hays  limestone.  The  upper  100  feet  are  called  the  Blue  Hill 
shales  and  are  fissile  light-gray  to  dark-gray  shales  without  fossils 
and  containing  only  small  amounts  of  pyrite  and  organic  matter. 
These  are  exposed  in  the  hills  west  and  northeast  of  Hays.  They 
also  out<»rop  below  the  same  limestone  on  the  south  side  of  Smoky 
Hill  River,  18  miles  west-southwest  of  Hays,  and  extend  far  up  into 
the  adjoining  Trego  County  along  the  river.  Samples  3,  18,  and  19 
are  from  this  horizon.  The  shales  forming  the  bed  rock  at  Hays 
probably  belong  in  the  lower  part  of  this  division.  Several  deep 
wells  sunk  4  and  5  miles  east  and  east-northeast  of  Hays  penetrated 
nothing  but  shales  to  a  depth  of  200  to  360  feet. 

The  lower  division,  called  the  Ostrea  shales,  is  150  feet  thick  and 
covers  a  large  area,  especially  along  Smoky  Hill  River,  from  some 
point  in  Trego  County  down  to  a  point  south  or  a  little  southeasterly 
of  Hays.  It  is  a  dark-gray  calcareous  shale,  containing  a  little 
pyrite,  finely  divided  and  also  sometimes  in  concretions.  It  also 
contains  an  abundance  of  fossil  shells,  largely  of  Ostrea  cougestu; 
sharks'  teeth  are  also  often  found.  Narrow  bands  of  light-gray  or 
yellowish-gray  limestone  part  the  shale  at  intervals  of  from  5  to  20 
feet.  Almost  the  only  good  exposures  are  found  along  the  river 
banks,  on  either  side,  according  to  the  curves  of  the  river.  Here  the 
bluffs  are  from  20  to  GO  feet  high,  and  if  the  rock  is  not  fresh  on  the 
surface  it  takes  but  little  work  to  obtain  unaltered  material.  Near 
the  top  of  the  bluffs  the  shales  are  whitish  and  decomposed  and 
usually  covered  with  Pleistocene  sands. 

The  shales  are  almost  black  when  somewhat  moist,  but  have  a  dark- 
gray  color  when  dry.  They  generally  appear  mottled  by  minute 
whitish  specks  in  a  darker  predominating  mass.  The  weathered  out- 
crops are  soft  and  disintegrate  into  a  clayey  soil,  breaking  up  into 
small  flat  fragments.  When  fresh  the  shale  is  quite  compact, 
though  breaking  easily  into  large  flat  fragments  2  to  4  inches  thick. 
While  the  upper  Blue  Hill  shales  are  poor  in  calcite,  the  Ostrea 
shales  effervesce  readily  with  acids.     When  washed  in  a  miner's  pan, 
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the  heavy  residue  consists  of  calcite  grains,  a  few  fragments  of  quartz, 
and  some  s<»ant,  well-rounded  granules  of  black  iron  ores;  besides 
there  is  always  a  little  extremely  fine-grained  pyrite.  No  colors  of 
gold  could  be  detected.  Samples  1,  2,  and  4  to  14  (see  pages  10-12) 
are  from  the  Ostrea  shales. 

The  Lower  Benton  group  contains  much  more  limestone  than  the 
upper  division.  It  consists  of  about  70  feet  of  alternating  shales  and 
limestone,  as  indicated  in  the  above  table.  It  is  exposed  in  the 
eastern  part  of  Ellis  County,  though  the  identification  of  its  various 
members  is  not  easy  during  a  rapid  traverse  of  the  country.  The 
50-foot  bluffs  of  shale  covered  by  limestone,  on  the  north  bank  of 
Smoky  llill  River,  3  miles  west  of  Pfeifer  and  also  at  Falkenstein's 
farm  on  the  south  bank,  about  the  same  distance  from  the  town 
mentioned,  are  believed  to  belong  in  this  horizon.  Samples  15,  16, 
and  17  are  from  this  horizon.  The  Ostrea  shales  on  Smoky  Hill 
River  at  a  point  14  miles  west-southwest  of  Hays  are  250  feet  below 
the  Fort  Hays  limestone,  and  must  consequently  be  near  the  bottom 
of  the  Upper  Benton.  The  vertical  distance  from  here  to  the  Dakota 
sandstones  below  can  hardly  be  more  than  100  feet. 

PLEISTOCENE  ROCKS. 

To  this  most  recent  time  division  belong  the  sands  and  fine  gravels 
along  the  bottoms  of  Smoky  Hill  River  and  also  covering  the  low 
shale  bluffs  which  follow  the  stream.  The  material  of  this  terrane  is 
chiefly  quartzose  and  the  grains  are  remarkably  well  rounded.  By 
washing  the  material  in  a  miner's  pan  a  heavy  residue  of  black  sand, 
probably  both  magnetite  and  ilmenite,  is  obtained.  These  grains  also 
are  exti'emely  well  rounded.  Besides,  the  sand  contains  abundant 
grains  of  garnet  and  some  epidote;  fragments  of  topaz  are  also  said 
to  occur.  A  number  of  pans  of  tliis  sand  was  washed  near  Copeland's 
road  crossing,  and  in  one  a  very  minute  color  of  gold  was  obtained. 

SAMPIiING  AXD  ASSAYING. 

SAMPLING. 

The  principal  gold-bearing  stratum  is  supposed  to  be  the  Benton 
group,  including  the  Ostrea  shales  and  the  Blue  Hill  shales.  It  is 
stated  that  these  rocks  over  practically  the  whole  of  the  areas  in  which 
they  occur  contain  more  or  less  gold  and  silver,  though  the  metals 
may  be  rather  irregularly  distributed.  Samples  showing  value  are 
claimed  to  have  been  obtained  in  Trego  County  along  Smoky  Hill 
River  as  far  westward  as  the  Benton  shales  extend,  all  along  Smoky 
Hill  River  in  Ellis  County,  and  also  in  Rush  County,  adjoining  on 
the  south. 

It  is  claimed  that  values  have  also  been  found  in  samples  collected 
near  Hays;    for  instance,  in  the  shales  underlying  the  Fort  Hays 
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limestone  4  miles  west  of  the  town,  and  also  in  samples  collected 
along  Saline  River,  along  which  Fort  Benton  shales  are  also  said  to 
outcrop.  All  the  mill»,  however,  are  located  on  Smoky  Hill  River 
southwest  of  Hays,  and  from  this  vicinity  have  also  been  taken  the 
by  far  largest  number  of  assayed  samples. 

In  order  to  arrive  at  a  reliable  conclusion  regarding  the  contents  of 
these  shales  in  precious  metals,  the  samples  described  below  were 
carefully  taken.  The  method  used  included,  fii*st,  the  clearing  of  a 
convenient  exposure  to  a  required  depth  so  as  to  obtain  fresh  material. 
Along  the  river  bluffs  the  shales  are  very  little  altered  and  fresh  rock 
is  comparatively  easily  found.  The  required  thickness  of  shale  being 
exposed  (usually  amounting  to  from  2  to  4  feet),  a  sample  of  from  20 
to  30  pounds  was  broken  down  on  a  square  of  canvas;  this  material 
was  then  reduced  to  pieces  about  the  size  of  a  walnut,  or  smaller,  and 
the  whole  amount  was  quartered  down  twice  to  a  weight  of  from  3  to  5 
pounds.  It  was  then  put  into  quai  t  jars  and  the  same  securely  sealed. 
The  following  samples  were  taken: 

Samples  collected  for  assay. 


No. 


Locality. 


Character  of  material. 


South  side  of  Smoky  Hill  River,  U 
miles  east  of  the  line  dividing  Ellis 
and  Trego  counties.  Small  quarry 
located  behind  Miller's  mill,  20  feet 
above  the  river.  Exposure  25  feet 
high.  This  sample  represents  the 
average  of  3  feet  from  floor  of 
quarry  up  to  the  lower  band  of 
limestone. 

Same  as  No.  1.  This  sample  repre- 
sents 3  feet  of  shale  between  the 
two  layers  of  limestone.  Above 
the  upper  limestone  band  the  shales 
appear  decomposed  by  surface  ac- 
tion. 

South  side  of  Smokv  Hill  River,  8^ 
miles  northeast  or  the  southwest 
comer  cf  Ellis  County,  and  about  , 
2i  miles  south  of  Miller's  mill.  The  | 
horizon  is  in  the  Blue  Hill  shales 
just  below  tlie  Fort  Hays  lime- 
stone. The  elevation  is  about 
2, 250  feet.  This  sample  represents 
an  average  thickness  of  '  feet. 

Mouth  of  K^lch  emptying  into  Smok>* 
Hill  River  from  the  south,  8|  miles 
west  of  the  Ellis- Trego  county  line. 
This  locality  is  about  200  feet  west 
of  Gage's  experimental  mill.  The 
bluff  is  here  30  feet  high  and  con- 
sists of  dark-gray  shale  divided  by 
two  narrow  i)artings  of  gray  lime. 
The  sample  represents  8  feet  of 
shales  2  feet  above  the  lied  of  the 
gulch. 


Black  shale  containing  some  p>Tite 
and  divided  by  two  narrow  bands 
of  gray  limestone. 


Dark-gray  shale  with    fossils   and 
some  concretions  of  pyrite. 


Thinly  laminated 
with    no    fossils 
organic  matter. 


gray  clay  shale 
and    but    little 


Dark-gray  Ostrea  shale  with  fossils 
and  a  little  pyrite. 


Digitized  by  VjOOQIC 


LiifDGRKN.]  SAMPLING    AND   ASSAYING. 

Samples  collected  for  assay — Continued. 


11 


No. 


Locality. 


Character  of  material. 


10 


11 


Same  as  No.  4. 500  feet  east  of  Gage^s 
experimental  mill.  From  small  pit 
in  shales  at  the  river  level,  which 
showed  indication  of  having  been 
recently  blasted.  Material  for  ex- 
perimental work  in  Topeka  was 
reported  to  have  been  taken  from 
this  loc^ity .  The  exposure  showed 
6  feet  of  shale  covered  by  10  inches 
of  gray  lime;  above  this  6  feet  of 
shale.  The  sample  covered  3  feet 
of  the  lower  shale. 

Same  as  Nos.  4  and  5. 650  feet  east  of 
Gage's  experimental  mill  at  base 
of  30-foot  bluff,  the  upper  part 
more  or  less  decomposed.  This 
sample  is  an  average  of  2  feet  close 
to  river  level. 

Same  as  No.  6.  Average  of  3  feet, 
from  5  to  8  feet  above  river  level. 

South  bank  of  Smoky  Hill  River,  11 
miles  southwest  of  Hays  and  1  mile 
west  of  Coi)eland*s  crossing,  in 
quarry  from  which  material  was 
being  extracted  for  reduction  in 
the  Pioneer  Company's  new  mill. 
The  place  is  less  than  100  feet  dis- 
tant from  the  mill.  The  bluff  is 
here  approximately  30  feet  high, 
the  upper  6  feet  consisting  of  well- 
washed  Pleistocene  sand.  Below 
this  4  to  0  feet  of  decomposed  shale, 
below  which  the  quarry  nas  exposed 
fresh  material.  The  sample  is  an 
average  of  the  shale  from  8  up  to  10 
feet  above  the  river. 

Same  as  No.  8.  The  sample  is  an 
average  of  2  feet,  from  10  to  12  feet 
above  the  river  level. 

About  150  feet  east  of  the  Pioneer 
Company's  mill.  The  bluff  is  here 
18  feet  high  and  consists  of  shale 
with  two  or  three  narrow  bands  of 
harder  limestone.  The  sample  rep- 
resents an  average  of  3  feet,  from  5 
to  8  feet  above  the  river. 

South  bank  of  Smoky  Hill  River,  one- 
fourth  mile  west  of  the  Pioneer 
Company's  mill.  Twenty-five-foot 
bank  of  shale  covereJ  by  6  feet 
of  sand  and  gravel.  The  sample 
was  taken  from  blasted  cut  2  feet 
above  river  level,  from  shale  aver- 
aging 2  feet  in  thickness. 


Fossiliferous  Ostrea  shales  of  dark- 
gray  color  containing  a  little  pyrite. 


Dark-gray  fossiliferous  shale  with  a 
little  pyrite. 


Dark-gray  fossiliferous  shale  with 
a  little  pyrite. 

Dark-gray  clay  shale,  fossiliferous 
and  containing  a  little  pyrite. 


Dark-p^y  fossiliferous    shale  con- 
taining a  little  pyrite. 

Dark-gray  fossiliferous  shale. 


Dark-gray  fo8.siliferous  shale  with  a 
little  iron  pyrites. 
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Samples  collected  for  assay — Continued. 


No.  I 


12 


Locality. 


North  bank  of  Smoky  Hill  River,  lOi 
miles  southwest  of  Hays  and  800 
feet  east  of  Copeland's  rtmd  cross- 
ing. The  shale  bluff  is  30  feet  high 
and  contains  four  smaller  bands  of 
dark-gray  lime.  The  sample  was 
taken  4  feet  across  just  above  the 
river. 

13  North  bank  of  Smoky  Hill  River,  800 
feet  west  of  Copeland's  road  cross- 
ing. Shaft  40  feet  deep,  15  feet 
above  the  river.  Filled  with  water. 
The  sample  was  carefully  picked 
from  east  side  of  dump. 

14  Same  as  No.  13.  Sample  picked  from 
west  side  of  dump. 

1 5  Fifteen  miles  south-southeast  of  Hays , 
in  Rush  County,  3^  miles  west- 
southwest  of  the  town  of  Pfeifer. 
South  side  of  Smoky  Hill  River.  1 
mile  south  of  sharp  bend;  Baskel's 
farm  on  Shelter  Creek;  bluff  oppo- 
site house  on  west  side  of  creek,  con- 

I      sisting  of  35  feet  of  thin-bedded 
i      shale  capped  by  13  feet  of  yellowish 
limestone. 

16  Fourteen  miles  south-southeast    of 

Hays,  in  Rush  County,  near  bound- 
I  ary  line  of  Ellis,  4  miles  west-south- 
west of  Pfeifer.  South  side  of 
Smoky  Hill  River  at  Falkenstein's 
farm .  Bluff  1 5  feet  high  from  river 
I  level  of  shale  with  several  indistinct 
limy  layers. 

17  Same  as  No.  16.     Average  of  2  feet 

of  shale  about  8  feet  above  river 
I      level. 

18  i  Four  and  one-half  miles  west-north- 
weslb  of  Hays  and  one-fourth  mile 
south  of  railroad,  on  farm  of  J.  C. 
West.  Bluff  of  50  feet  of  Blue  Hill 
shale  without  lime  partings,  over- 
lain by  20  feet  of  Fort  Hays  lime- 
stone. Average  of  2^  feet  near  top 
of  shale,  6  feet  below  limestone. 

19  Same  as  No.  18.  Average  of  3  feet  of 
shale  at  foot  of  Ijluff . 


Character  of  material. 


Dark-gray  fossiliferous  shale. 


Dark-gray  fossiliferous  shale. 


Dark-gray  fossiliferous  shale. 

Dark-gray  clay  shale  with  some  fos- 
sils. 


Nodules  of  partly  decomposed  iron 
pyiites  in  shale. 


Dark-gray  shale  without  much  car- 
bonaceous substance. 


Dark-gray  clay  sliale  without  fos- 
sils, and  with  little  carbonaceous 
material. 


Dark-gray  clay  shale. 


PREPARATION  OF  SAMPLES  FOR  ASSAYING. 

The  19  samples  described  above  were  sent  to  Washington,  D.  C, 
and  further  examined.  The  shale  in  eaeli  lot  was  crushed,  carefully 
mixed,  and  quartered  down  until  the  last  half  of  the  sample  amounted 
to  one-half  to  three-fourths  poun<l.     This  quantity  was  finally  ground 
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and  sieved  through  an  80-mesh  screen.     From  this  gi'ound  material 
the  assays  were  made. 

METHODS  OF  ASSAY. 

The  fire  assay,  as  well  known,  consists  in  smelting  in  crucible  or 
scorifier  with  litharge  or  lead.  The  lead  absorbs  the  gold  and  silver 
contained  in  the  ore,  and  this  gold  and  silver  remains  l>ehind  when 
the  lead  is  driven  off  by  a  process  of  oxidation.  For  small  and  mod- 
erate amounts  of  the  precious  metals  this  is  the  most  accurate  method 
known,  and  in  skillful  hands  always  gives  reliable  results.  The  claim 
that  '*the  fire  assay  will  not  bring  out  the  values"  is  well  known  and 
reiterated  to  weariness,  especially  in  districts  where  higlier  values 
are  desired  than  nature  put  in  the  ores.  True  enough,  the  fire  assay, 
like  any  other  analytical  operation,  requires  intelligent  care  and  suit- 
able ingredients.  Where  thei*e  are  large  amounts  of  copper,  zinc, 
tellurium,  and  similar  elements  in  the  ore,  this  assay  needs  particular 
attention  in  order  to  prevent  losses.  As  in  every  other  quantitative 
analytical  process,  there  are  sources  of  error  in  the  fire  assay.  A  very 
small  quantity  of  gold  and  silver  may  be  lost  in  the  slag  in  the  first 
smelting.  This  is  generally  inappreciable.  But  in  cu^Kjlling  the  lead 
button  there  is  always  a  certain  loss  of  silver  by  absorption  by  the 
cupel,  much  less  by  volatilization.  This  loss  may  amount  to  several 
per  cent  in  case  of  very  poor  ores  and  small  silver  beads,  but  is  then 
generally  practically  negligible.  The  loss  of  gold  during  cupellation 
is  ordinarily  very  much  smaller  than  that  of  silver,  and  practically 
nil.  One  often  hears  assertions  that  the  proper  values  are  not 
brought  out  by  this  assay  because  of  the  extremely  fine  distribution 
of  the  gold.  This  is  absurd,  because  the  chemical  reaction,  i.  e.,  the 
absorption  of  gold  and  silver  by  the  lead,  takes  place  practically  inde- 
pendent of  the  mechanical  state  of  the  precious  metals.  If  any- 
thing, a  fine  division  would  be  more  favorable  to  their  absorption  by 
the  lead.  In  the  same  category  may  be  put  the  assertion  that  the 
gold  in  these  shales  is  carried  away  in  the  fumes  from  the  crucible. 

When  one  considers  that  the  very  minute  particles  in  a  low-grade 
but  paying  ore,  even  after  fine  crushing,  are  likely  to  l>e  securely 
locked  up  in  grains  of  quartz  or  other  refractory  material,  it  becomes 
clear  that  the  extraction  of  gold  by  chlorine,  bromine,  or  potassium 
cyanide,  which  have  little  effect  on  these  inclosing  shells,  must  be 
less  effective  than  a  fusion.  In  a  fusion  with  proper  fluxes  these 
shells  are  completely  disintegrated,  and  the  molten  lead  dissolves  the 
precious  metal  almost  entirely.  The  fire  assay  is,  in  fact,  used  in  all 
cyanide  and  chlorination  works  to  test  ores  and  tailings. 

This  statement  regarding  the  wet  process  also  holds  good  for  ana- 
lytical work.  Only  in  case  the  ores  contain  large  quantities  of  gold 
or  silver  do  the  wet  methods  offer  any  advantage  over  fusion  and 
cupellation.     Electrolytic  quantitative  tests  of  gold  and  silver  are 
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known,  but  rarely  used,^  offering  no  advantage  over  other  assays  and 
requiring  as  much  preliminary  work  in  the  elimination  of  other  metals 
as  do  wet  tests  by  precipitation  of  the  gold  by  hydrogen  sulphide,  zinc, 
oxalic  acid,  or  other  means. 

The  accuracy  of  the  fire  assay  varies,  of  course,  with  the  quantity 
and  character  of  the  material,  the  purity  of  the  reagents,  and  the  skill 
of  the  assayer.  Dr.  W.  F.  Hillebrand,  operating  on  Leadville  rocks, 
gives  0.005  ounce  per  ton  as  the  limit  of  accunR»y  for  silver  assays 
when  4  assay  tons  of  material  are  used  and  extremely  careful  and 
painstaking  work  is  done.*  Using  2  assay  tons  in  ordinary'  work,  one 
ought  to  easily  determine  quantities  of  0.05  ounce  of  silver  ton,  and 
0.005  ounce,  or  10  cents,  per  ton  of  gold. 

RESULTS  OF  ASSAYS. 

The  nineteen  samples  were  first  assayed  by  myself  in  the  laboratory 
of  the  Survey.  The  general  proportions  of  the  charge  were  as  follows: 
One  A.  T.*"  shale,  2  A.  T.  litharge  (contents  of  silver,  0.005  ounce  per 
ton),  2  A.  T.  soda,  one-half  A.  T.  borax.  A  layer  of  litharge  was  spread 
over  the  mixed  charge  and  a  layer  of  salt  above  this.  Samples  1  to  8, 
inclusive,  were  assayed  with  a  charge  of  2  A.  T,  shale,  and  the  rest  of 
the  fluxes  were  in  the  proportion  given  above.  For  the  remaining 
numbers  1  A.  T.  was  used.  Samples  1,  3,  17, 18,  and  19  were  assayed 
without  addition  of  nitrate  of  soda,  and  in  case  the  lea<l  button  was 
too  large  it  was  scorified  down  to  suitable  size.  In  the  remainder  of 
the  samples  which  contained  much  carbon,  niter  was  added  in  vary- 
ing proportions  to  obtain  a  convenient  button. 

For  the  purpose  of  collecting  the  gold,  in  case  no  silver  was  present 
in  the  shale,  1.5  to  3  mg.  of  chemically  pure  silver  was  addinl  to  each 
assay,  excepting  Nos.  1  and  2.  This  was  recovered,  minus  the  minute 
losses  chiefly  caused  by  the  absorption  of  the  cupels.  No  gold  was 
found  in  any  of  the  samples,  though  in  some  of  them  minute  black 
specks  remained  after  parting  the  silver  buttons.  Some  of  these  dis- 
appeared on  ignition,  while  others  remained,  but  upon  examination 
with  the  lens  failed  to  show  the  luster  an<l  color  of  gold. 

The  same  samples  were  tlien  assayed  in  the  laboratory  of  the  Sur- 
vey, by  Dr.  E.  T.  Allen,  who  reports  as  follows: 

I  have  examined  nineteen  samples  of  shale  from  western  Kansas,  collected  by 
Mr.  Lindgren,  and  find  no  gold  in  any  of  them. 

The  samples  were  assayed  in  the  crucible  with  about  I  part  soda  and  2  parts  of 
litharge  to  1  part  of  the  ore,  and,  since  most  of  the  shales  contained  considerable 
carlwnate  of  calcium,  from  one-half  to  2  parts  of  borax  and  some  powdered  glass 
were  a<lded  to  make  the  fusion  thinly  fluid.  Niter  was  put  in  to  oxidize  the  excess 
of  carl)onaceou8  matter  in  all  but  Nos.  15,  18,  and  19.    Two  A.  T.  of  each  sample 

rt  A.  C'lHKHcm,  AuHffewaehlte  Methodon  der  analytisi'hen  Chemie,  Bi'aunscbweig,  1901,  pp.  3,  245, 
and  254. 
hMon.  V  S.  (*eol.  Survey,  Vol.  XII,  p.  506. 
••AT.-  Assay  ton  -  29.ie«  gramH. 
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were  taken  except  Noe.  7,  8, 10,  and  12,  where  only  one  A.  T.  was  used.  Two  or  3 
jag.  of  gold-free  silver  were  added  to  each  crucible  charge  to  collect  the  gold  in 
case  the  quantity  of  silver  in  the  shale  should  prove  insufficient.  This  silver  was 
recovered  after  cupellation,  minus  a  very  small  and  nearly  constant  loss,  which 
is  always  caused  by  absorption  by  the  cupels,  volatilization,  etc.  When  the  beads 
were  x>arted  the  majority  dissolved  without  residue.  In  several  there  remained 
one  or  two  extremely  minute,  unweighable  black  specks.  These  either  disap- 
peared on  ignition  or  else  failed  to  develop  the  color  and  luster  of  gold,  though 
they  were  examined  carefully  with  a  good  lens. 

In  the  previous  work  the  added  silver  might  easily  have  masked  the 
presence  of  small  fractions  of  an  ounce  of  that  metal  per  ton  in  the 
shale.  Consequently,  a  third  series  of  assays  of  the  same  samples 
was  undertaken  jointly  by  Dr.  E.  T.  Allen  and  myself,  in  order  to 
ascertain  whether  small  quantities  of  silver  were  present.  The  labo- 
ratory and  all  utensils  employed  were  kept  scrupulously  clean,  and 
we  do  not  believe  that  there  was  any  possibility  of  the  introduction 
of  gold  or  silver  into  the  samples  except  from  the  litharge.  The 
latter  was  assayed  in  duplicate,  using  10  A.  T.  in  each  charge,  with 
the  following  I'esult: 

Assay  of  litharge. 


Nnmber.  i  Silver.  Gold. 

Ounce  per  ton.  . 

1 0.005  I  Distinct  trace  in  10  A.  T. 

2 1  0. 005  Doubtful  trace  in  10  A..  T. 


The  particles  remaining  after  parting  were  carefully  examined  by 
a  microscope  of  high  power. 

The  charges  for  the  assays  were  in  the  main  similar  to  those  indi- 
cated above.  Two  A.  T.  shale  were  used  in  all  of  the  assays  except 
in  11,  15,  10,  17,  18,  and  10,  in  which  1  A.  T.  was  taken.  The  assay 
of  Xo.  3  failed  and  no  more  material  was  available.  About  1^  parts 
of  litharge  to  1  part  of  shale  were  used.  The  cupellation  was  under- 
taken with  particular  care  to  guard  as  much  as  possible  against  losses 
from  absorption  and  volatilization.  In  the  cases  where  weighable 
buttons  were  obtained  the  quantity  of  silver  due  to  the  litharge  was 
subtracted,  and  the  figures  given  in  the  following  table  thus  indicate 
the  true  amount  of  silver  contained  in  the  shale. 

Of  six  samples  marked  ''repeated"  in  the  table  duplicate  assays 
were  made.  In  the  duplicates  the  niter  method  was  avoided  and  a 
charge  was  made  as  follows:  One  A.  T.  ore,  3  A.  T.  litharge,  2  A.  T. 
soda,  one-half  A.  T.  borax.  Nos.  14  and  10  were  roasted  and  some 
argol  was  added  to  the  charge. 

The  parting  was  effected  in  small  glazed  porcelain  capsules  and 
with  very  exceptional  care.  The  residue  after  parting  and  annealing 
was  examined  by  a  petix)graphic  microscope.     In  No.  5  we  obtained 
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from  2  A.  T.  two  flakes  of  gold  weighing  together  0.01  mg.,  equaling 
0.005  ounce  per  ton,  or  a  value  of  10  cents  per  ton.  In  No.  13  several 
very  minute,  unweighable  flakes  of  gold  were  discovei^d  by  using 
high  magnifying  powers;  they  could  not  be  recognized  by  an  ordi- 
nary lens. 

In  nearly  all  of  the  samples  after  parting  and  ignition  almost 
microscopic,  unweighable  black  specks  were  found.  It  was  deter- 
mined to  subject  these  to  more  detailed  examination.  Under  high 
magnifying  power  these  specks  appeared  as  angular,  irregular  masses 
having  a  dark-gray  or  black  color  and  submetallic  to  metallic  luster. 
A  few  of  them  were  loose  aggregates  of  the  same  substance  with 
occasional  glints  of  silvery  or  yellowish  luster,  which  might  possibly 
arise  from  included  particles  of  gold.  The  appearance  under  the 
microscope  is  that  of  graphite.  Besides  this  substance  only  a  few 
particles  of  oxide  of  iron  were  noted  in  the  residue.  A  number  of 
the  black  specks  collected  were  then  subjected  to  the  follo\^ing 
chemical  tests:  First,  evaporated  with  aqua  regia  to  dryness,  the 
specks  were  still  visible  and  seemed  unattacked.  We  next  tried 
burning  in  a  stream  of  oxygen.  The  operation  was  difficult  on  account 
of  the  minute  size  of  the  particles,  but  in  two  separate  trials  the 
specks  disappeared  upon  being  treated  in  a  current  of  that  gas.  In 
conclusion,  we  assert  that  these  dark  particles  are  neither  gold  nor 
platinum,  though  we  suspect  that  in  many  cases  thej^  have  been 
reported  as  traces  of  gold.  We  believe  it  most  probable  that  these 
particles  are  graphitic  carbon,  contained  in  the  silver.  It  will  proba- 
bly be  objected  that  carbon  could  not  without  change  pass  through 
the  oxidizing  operation  of  cupellation.  Be  this  as  it  may,  the  quan- 
tity of  carbon  obtained  was  certainly  extremely  small,  and  it  is  a 
known  fact  that  silver  has  a  decided  tendency  to  unite  with  carbon 
under  some  conditions,  as  shown  by  Gmelin-Kraut.« 

Content  of  gold  and  silver  in  samples  of  shale. 


Number. 

Silver.^ 

Gold. 

Total  value. 

1 

Ounce  per  ton. 

None. 
0.007 

None. 
0.017 
0.007 
0. 022 
0.037 
0.097 

Ounce  per 

ton. 
None. 
None. 
None. 
0.005 
None. 
None. 
None. 
None. 

;     Per  ton. 

2                           

$0,004 

4  .                         -. 

5 

.110 

6 

7..._ - 

.004 
.013 

8 

1            .022 

9 

1 

1            .060 

"  Handbuch  der  Cbemie.  Vol.  Ill,  pt  2. 

ft  Although  the  quantities  of  silver  have  been  j^iven  to  the  third  decimal,  as  calculated  from 
the  weights  of  the  beads,  it  must  be  understood  that  quantities  below  0.01  or  0.02  ounce  per  ton 
are  verj'  doubtful  under  these  conditions. 
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Content  of  gold  and  silver  in  samples  of  shale — Continued. 
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Number. 

SUver. 

Gold 

Total  value. 

10          

Ounce  per  ton. 

Probably  none. 
None. 
0.045 
0.030 

Probably  none. 

0.030 

0.087 

None. 

0.072 

None. 

0.085 

0.037 

None. 

0.095 

Probably  none. 

Probably  none. 

Ounce  per 
Micro8Copi< 

ton. 

None. 
None. 
None. 
None. 
None. 
None. 
2  trace. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 

Per  ton. 

10 -. 

11 _ 

$0,027 

11 

.018 

12                .                      

12                

.018 

IS 

.052 

IS 

14 - --.. 

.043 

14 

15..-- 

« 

.051 

16              

.022 

!«:  ;; 

17 

.057 

18 

19 



For  further  confirmation  the  samples  of  most  importance — that  is, 
those  from  the  banks  of  Smoky  Hill  River,  in  the  vicinity  of  the 
mills — were  sent  to  Mr.  George  E.  Roberts,  the  Director  of  the  Mint, 
who  kindly  had  them  assayed.  Nos.  1,  2,  4,  5,  0,  7,  and  8  were 
assayed  by  Mr.  W.  F.  Bowen,  assayer  of  the  mint  bureau,  and  Nos. 
9,  10,  11,  12,  13,  14,  and  16  were  assayed  by  Mr.  Jacob  B.  Eckfeldt, 
assayer  of  the  mint  in  Philadelphia. 

Mr.  Bowen  states  that  he  used  1  A.  T.  ore  to  1  A.  T.  litharge  with 
necessary  fluxes,  and  that  a  little  niter  was  added.  His  results  are  as 
follows: 

Assays  of  samples  by  W.  F.  Botoen. 


Number.                                    |        Silver. 

Gold. 

Total  value.a 

1     

Oz.  per  ton. 
0.30 
0.20 
None. 
0.15 
None. 
0.30 

Oz.  per  ton. 

Trace. 
Trace. 
None. 
None. 
None. 

o.a5 

Trace. 

Per  ton. 

$0.18 

2 

.12 

4 

5 

09 

6 

1.18 

8 

0.15 
W.  Lindgren. 

.09 

a  Column  added  by 
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18  TESTS  FOR  GOLD  AND  SILVER  IN  KANSAS  SHALES,    [bull. 202. 

At  the  writer's  i*equest  Mr.  Bowen  repeated  No.  7  on  new  material 
from  the  same  original  sample.  This  time  he  obtained  0.45  ounce 
silver  and  no  gold;  total  value,  27  cents. 

Mr.  Eckfeldt  states  that  he  used  1  A.  T.  ore,  3  A.  T.  litharge,  2  A.  T. 
soda,  and  -k  A.  T.  borax.  No  niter  was  added.  His  results  are  as 
follows: 

Assays  of  samples  by  J.  B.  Eckfeldt, 


No.  Silver. 


Oz.per  ton. 

9 0.3     I 

10 .35  ' 

1 1  -  -  -  - - 1  Trace. 

12-     .5 

13 .4 

14 Trace. 

16 .2    i 


Gold. 

Total  value. « 

Oz.per  ton. 

Per  ton. 

0.01 

$0.38 

Trace. 

.21 

Trace. 

.02 

.70 

Trace. 

.24 

Trace. 

Trace. 

.12 

o  Column  added  by  W.  Lindgren. 

As  statements  were  made  that  the  shales  examined  contained  con- 
siderable quantities  of  zinc  (from  2  to  20  per  cent),  and  certificates 
to  this  effect  wei'e  shown  me  by  local  chemists,  it  was  decided  to  test 
a  few  samples  for  zinc  and  also  for  copi>er.  Samples  1,  5,  and  8, 
respectively,  from  the  quarry  pits  of  Miller's,  Gage's,  and  the  Pioneer 
Company's  mills  were  selected  and  examined  by  Dr.  E.  T.  Allen,  of 
the  United  States  Geological  Survey.  These  samples  showed  no  trace 
of  zinc  or  copper.  The  concretions  in  the  shale  just  below  the  Fort 
Hays  limestone  (Septaria  horizon)  contain  a  brown  carbonate  of  lime, 
which  is  frequently  mistaken  for  zinc  blende.^ 

SI  M>IARY  AND  CONCIiUSIONS. 

Nineteen  samples  of  Benton  shale  were  collected  in  Ellis  and  Rush 
counties,  Kans.,  chiefly  along  Smoky  Hill  River.  These  samples  were 
taken  with  great  care,  each  representing  the  average  of  a  certain 
thickness  of  beds,  in  order  to  ascertain  whether  these  shales  contain 
gold  and  silver  and  whether,  if  so,  they  may  be  considered  as  of  eco- 
nomic value.  The  majority  of  the  samples  were  collected  in  pits  and 
quarries  from  which  material  had  been  extracted  by  other  parties  for 
the  purposes  of  assays  or  treatment  in  gold  mills.  These  samples 
were  first  assayed  for  gold  by  myself,  then  by  Dr.  E.  T.  Allen.  No  gold 
was  found  in  any  of  the  samples.  The  silver  could  not  be  determined 
with  great  accuracy,  for  some  pure  silver  was  added  in  order  to  col- 
lect any  gold  that  might  be  present,  but  there  was  certainly  not  more 
than  a  small  fraction  of  an  ounce  in  any  one  of  the  samples. 


o  E.  Haworth,  Mineral  Resources  of  Kansas  for  1897. 
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The  same  samples,  except  No.  3,  of  which  sufficient  material  did 
not  remain,  were  then  assayed  jointly  by  Dr.  Allen  and  myself. 
Twelve  samples  showed  the  presence  of  small  amounts  of  silver  up  to 
6  cents  per  ton  in  value,  while  in  6  no  silver  or  only  doubtful  traces 
were  found.  No.  5  showed  10  cents  of  gold  per  ton,  and  No.  13  a 
trace  of  gold.     No  gold  was  found  in  the  remaining  16  samples. 

Samples  1,  2,  4,  5,  6,  7,  and  8  were  assayed  by  Mr.  W.  F.  Bowen, 
acting  assayer  of  the  mint  bureau.  In  five  of  these  small  values  of 
silver  were  found,  ranging  up  to  27  cente  per  ton.  In  two  of  the 
samples  no  silver  was  found.  One  of  the  samples  (No.  7)  gave  $1 
of  gold  i)er  ton ;  this  assay  was  repeated,  and  this  time  no  gold  was 
found.  Traces  of  gold  were  found  in  three  samples,  and  in  three 
samples  of  the  seven  no  gold  was  found. 

Samples  9, 10, 11, 12,  13,  14,  and  10  were  then  assayed  by  Mr.  Jacob 
B.  Eckfeldt,  assayer  of  the  mint  in  Philadelphia.  In  five  of  these 
silver  was  found,  ranging  up  to  30  cents  per  ton,  while  two  samples 
yielded  only  a  trace.  No.  12  gave  40  cents  of  gold  per  ton,  and  No.  9 
gave  20  cents  per  ton,  while  traces  of  gold  were  found  in  the  remain- 
ing five  samples.  In  all,  77  assays  were  made  of  material  taken  from 
the  19  samples. 

The  results  indicate  that  minute  quantities  of  silver  are  often  con- 
tained in  these  shales  and  that  some  samples  show  the  presence  of 
very  small  quantities  of  gold.  The  same  samples  do  not  always  give 
the  same  results  when  repeated,  which  goes  to  confirm  the  statement 
on  page  5,  that  the  metals  when  present  are  somewhat  unevenly  dis- 
tributed through  the  rock.  None  of  the  samples  contain  silver  or 
gold  in  economically  important  quantities.  While,  of  course,  it  is 
impossible  to  say  what  may  be  contained  in  those  parts  of  the  shale 
beds  which  have  not  been  assayed,  it  is  extremely  improbable  that 
this  material  will  ever  be  of  economic  importance  as  a  silver  or 
gold  ore. 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Bulletin  No.  202.] 

The  serial  publications  of  the  United  States  Geological  Snrvey  consist  of  (1) 
Annual  Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5) 
Mineral  Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic 
Atlas  of  the  United  States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas 
of  the  United  States — folios  thereof.  The  classes  numbered  2,7,  and  8  are  sold  at 
cost  of  publication;  the  others  are  distributed  free.  A  circular  giving  complete 
lists  may  be  had  on  application. 

The  BuDetins  and  Professional  Papers  treat  of  a  variety  of  subjects,  and  the 
total  number  issued  is  large.  They  have  therefore  been  classified  into  the  follow- 
ing series:  A,  Economic  geologry;  B,  Descriptive  geology;  C,  Systematic  geology 
and  i)aleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and  physics: 
F,  G^eography;  G,  Miscellaneous;  H,  Forestry.  This  Bulletin  is  the  eighteenth 
in  Series  A,  the  complete  list  of  which  follows.  (B  =  Bulletin,  PP  =  Professional 
Pai)er.) 

SERIES  A,  ECONOMIC  OEOLOOY. 

B  21.  Lignites  of  Qreat  Sioux  Reservation:  Report  on  region  between  Grand  and  Moreau 
riTers,  Dakota,  by  Bailey  Willis.    1885.    16  pp.,  5  pis. 

B  46.  Nature  and  origin  of  deposits  of  phosphate  of  lime,  by  R.  A.  P.  Penrose,  jr.,  with  intro- 
duction by  N.  S.  Shaler.    1888     143  pp. 

B  65.  Stratigraphy  of  the  bituminous  coal  field  of  Pennsylvania,  Ohio,  and  West  Virginia,  by 
Israel C.  White.    1891.    212 pp.,  11  pis.    (Exhausted.) 

B  111.  Geology  of  Big  Stone  Gap  coal  field  of  Virginia  and  Kentucky,  by  Marius  R.  Campbell, 
1868.    106  pp.,  6  pis. 

B 132.  The  disseminated  lead  ores  of  southeastern  Missouri,  by  Arthur  Winslow.    1896.    31  pp. 

B 138.  Artesian-well  prospects  in  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton.  1806.  228  pp., 
19  pis. 

B  ia>.  Geology  of  Castle  Mountain  mining  district,  Montana,  by  W.  H.  Weed  and  L.  V.  Pirs- 
son.    1896.    164  pp.,  17  pis. 

B  143.  Bibliography  of  clays  and  the  ceramic  arts,  by  John  C.  Branner.    1898.    114  pp. 

B 164.  Reconnaissance  on  the  Bio  Grande  coal  fields  of  Texas,  by  Thomas  Wayland  Vaughan, 
including  a  report  on  igneous  rocks  from  the  San  Carlos  coal  field,  by  E.  C.  E.  Lord.  1900.  100  pp., 
11  pis.  and  maps. 

B 178.  Bl  Paso  tin  deposits,  by  Walter  Harvey  Weed.    1901.    15  pp.,  1  pi. 

B 180.  Occurrence  and  distribution  of  corundum  in  United  States,  by  J.  H.  Pratt.  190) .  98  pp., 
14  pis. 

B 182.  A  report  on  the  economic  geology  of  the  Silverton  quadrangle,  Colorado,  by  F.  L.  Ran- 
some.    1901.    266  pp.,  16  pis.  and  maps. 

B 184.  Oil  and  gas  fields  of  the  western  Interior  and  northern  Texas  Coal  Measures  of  the 
Upper  Cretaceous  an^  Tertiary  of  the  western  Gulf  coast,  by  G^eorge  I.  Adams.  1901.  64  pp., 
10  pis. 

B 193.  The  gelogical  relations  and  distribution  of  platinum  and  associated  metals,  by  James 
FurmanKemp.    1902.    95  pp.,  6  pis. 

B 198.  The  Berea  grit  oil  sand  in  the  Cadiz  quadrangle.  Ohio,  by  W.  T.  Griswold.  1902.  43  pp., 
Ipl. 

PPl.  Preliminary  report  on  the  Ketchikan  mining  district,  Alaska,  with  an  introductory 
pket<*h  of  the  geology  of  southeastern  Alaska,  by  Alfred  Hulse  Brooks.    1902.    120  pp.,  2  pis. 

B  200.  Reconnaissance  of  the  borax  deposits  of  Death  Valley  and  Mohave  Desert,  by  Marius 
R.Campbell.    1908.    23  pp.,  Ipl. 

B  2(lt2.  Tests  for  gold  and  sliver  in  shales  from  western  Kansas,  by  Waldemar  Lindgren.  1902. 
21  pp. 
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BIBLIOGRAPHY   AND    INDEX    OF   NORTH  AMERICAN 

GEOLOGY,  PALEONTOLOGY,  PETROLOGY,  AND 

MINERALOGY  FOR  THE  YEAR  1901. 


By  Fred  Boughton  Wbeks. 


INTRODUCTION. 

The  prepai*ation  and  arrangement  of  the  material  of  the  Bibliog- 
raphy and  Index  for  1901  is  similar  to  that  adopted  for  the  previous 
publications  (Bulletins  Nos.  130,  135,  146,  149,  156,  162,  172,  188, 
and  189).  Several  papers  that  should  have  been  entered  in  the  pre- 
vious bulletins  are  here  recorded,  and  the  date  of  publication  is  given 
with  each  entry. 

Bibliography, — The  bibliography  consists  of  full  titles  of  separate 
papers,  arranged  alphabetically  by  authors'  names,  an  abbreviated 
reference  to  the  publication  in  which  the  paper  is  printed,  and  a  brief 
description  of  the  contents,  each  paper  being  numbered  for  index 
reference. 

Index. — ^The  subject  headings,  their  subdivisions  and  arrangement, 
are  shown  in  the  classified  key  to  the  index,  which  immediately  pre- 
cedes the  index.  Reference  is  made  in  each  entry  by  author's  name 
and  number  of  article  in  the  Bibliography. 
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34  Babcock  (E.  J.).  Report  of  the  Geological  Survey  of  North  Dakota. 

N.  D.  Geol.  Surv.,  Ist  Biennial  Kept.,  103  pp./l901. 
Describes  the  physiographic  and  geologic  features  and  the  character 
and  occurrence  of  clay,  coal,  and  water  supply  of  the  State. 

35  Bagg  (R.  M.,  jr.).     Ek)cene  Protozoa. 

Md.  Geol.  Surv.,  Eocene,  pp.  233-258,  pi.  Ixii-lxiv,  1901. 

36  Bailey  (L.  W.).     On  some  modes  of  occurrence  of  the  mineral 

albertite. 
Abstract:  Science,  new  ser.,  vol.  13,  p.  1018  (J  p.),  1901. 

37 On  some  geological  correlations  in  New  Brunswick. 

Abstract:  Science,  new  ser.,  vol.  13,  pp.  1018-1019  (i  p.),  1901. 
Paper  read  before  the  Royal  Society  of  Canada. 

38  Bain  (H.  Foster).     The  origin  of  the  Joplin  ore  deposits  [Missouri]. 
Abstract:  Eng.  and  Mg.  Jour.,  vol.  71,  p.  557,  1901. 

39 [Review  of  Iowa  Geological  Survey,  Vol.  XI.] 

Jour.  Geol.,  vol.  9,  pp.  547-549,  1901. 

40  Barbour  (Carrie  A.).   Observations  on  the  concretions  of  the  Pierre 

shale. 
Neb.  Acad.  Sci.,  Proc.,  VII,  pp.  36-38,  pi.  ii,  1901. 
Describes  the  occurrences  and  character  of  the  concretions. 

41  Barbour  (Erwin    Hinckley).      The    unpublished    meteorites    of 

Nebraska. 
Neb.  Acad.  Sci.,  Proc.,  VII,  pp.  34-35,  pi.  i,  1901. 
Describes  new  meteorites. 

42 The  State  [Nebraska]  Geological  Survey.     Report  of  progress 

for  the  summer  of  1900. 
Neb.  Acad.  Sci.,  Proc.,  VII,  pp.  160-169,  pis.  xiv-xv,  1901. 
Gives  an  account  of  the  work  conducteil  by  the  State  Geological  Survey. 

43 Sand  crystals  and  their  relation  to  certain  concretionar}"  forms. 

Geol.  Soc-.  Am.,  Bull.,  vol.  12,  pp.  165-172,  pis.  13-18,  1901. 
Describes  the  character  and  occurrence  of  the  crystals  and  concre- 
tionary forms  in  the  Tertiary  strata  of  the  Plains  region. 

44  Barton  (George  H.).     Outline  of  elementary  lithology 

Boston,  112  pp.,  1901.     (Not  seen.) 

45  Bartsch  (Paul),  Dall  (W.  H.)  and.     A  new  Californian  Bittium. 

See  Dall  (W.  H.)  and  Bartsch  (Paul),  189. 

46  Bather  (F.  A.),  assisted  by  J.  W.  Gregory  and  E.  S.  Goodrich. 

A  treatise  on  zoology. 
A.  &  C.  Black,  Ix)ndon,  vii  |  344  pp.,  1900. 
Review,  Science,  new  ser.,  vol.  14,  pi>.  844-845,  1901. 
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17  Bayley  (W.  S.).     [Review  of  ''Elements  of  mineralogy,  crystal- 
lography and  blowpipe  analysis,"  by  A.  J.  Moses  and  C.  L. 
Parsons]. 
Am.  Nat,  vol.  35,  pp.  23»-240,  1901. 

48  Beard  (J.  Carter).     Three  characteristic  types  of  American  dino- 
saurs. 
Sci.  Am.,  vol.  84,  pp.  184-185,  fig.  1,  1901. 

49 Something  about  ancient  American  saurians. 

Sci.  Am.,  vol.  85,  p.  267,  1  fig.,  1901. 
Describes  their  general  characteristics. 

50  Becker  (George  F.).     Report  on  the  geology  of  the  Philippine 

Islands,  followed  by  a  version  of  ''  Ueber  Tertiare  fossilien 
von  den  Philippinen"  (1895),  by  K.  Martin. 

U.  S.  Geol.  Surv.,  2l8t  Ann.  Rept.,  Part  UI,  pp.  493-625,  pis.  Ixvi- 
Ixviii,  figs.  103-104,  1901. 

Abstract:  Am.  Geol.,  vol.  28,  pp.  126-127,  1901. 

Describes  the  character  of  the  igneous  rocks  and  the  mineral  resources 
of  the  islands.  Includes  a  bibliography  and  a  translation  of  a  pai>er  by 
K.  Martin  on  the  Tertiary  fossils  of  the  Philippines. 

51  Beecher  (Charles  Emerson).    Studies  in  evolution;  mainly  reprints 

of  occasional  papers  selected  from  the  publications  of  the 
laboratory  of  invertebrate  paleontology,  Peabody  Museum, 
Yale  University. 

Yale  Bicentennial  Publications,  638  pp.,  pis.  i-xxxiv,  figs.  1-132, 
1901.     Charles  Scribner's  Sons,  New  York. 

Contains  discussions  on  the  origin  and  significance  of  spines,  structure 
and  development  of  trilobites,  studies  in  the  development  of  the  Bra- 
chiopoda,  development  of  a  Paleozoic  poriferous  coral,  symmetrical 
cell  development  in  the  Favositidse,  and  development  of  the  shell  in 
the  genus  Tomoceras  Hyatt. 

52 Note  on  the  Cambrian  fossils  of  St.  Franyois  County,  Missouri. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  362-363,  1^K)1. 
Abstract:  Geol.  Mag.,  new  ser.,  dec.  4,  vol.  8,  pp.  559-561,  1901. 
Discusses  the  fossil  evidence  indicating  that  a  considerable  thickness 
of  the  rocks  of  this  region  are  to  Ik?  referred  to  the  Cambrian. 

53 Discovery  of  eurypterid  remains  in  the  Cambrian  of  Missouri. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  364-366,  pi.  vii,  1901. 
Abstract:  Geol.  Mag.,  dec.  4,  vol.  8,  pp.  561-564,  1901. 
Describes  Slrabops  thatcheri  n.  gen.  et  sp. 

54 [Review  of  "A  treatise  on  zoology,"  by  F.  A.  Bather,  etc.] 

Science,  new  ser.,  vol.  14,  pp.  844-845,  1901. 

55  Beede  (J.  W.).     Fauna  of  the  Permian   of  the   central   United 
States.     Part  I. 

Kans.  Acad.  Sci.,  Trans,  vol.  17,  pp.  1S,>-189,  pi.  xiii-xiv,  1901. 
Describes  several  new  Hi»e(.'ies. 
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56  Beede  (J.  W.).     The  age  of  the  EAnsas-Oklahoma  red  beds. 

Am.  GeoL,  vol.  28,  pp.  46-47,  1901. 

Describee  the  occurrence  of  fossils  recently  found,  indicating  the  Per- 
mian age  of  the  beds. 

57  Bell  (Robert).     Report  on  an  exploration  of  the  northern  side  of 

Hudson  Strait  [Canada]. 

Can.  Geol.  Surv.,  new  ser.,  vol.  xi,  Kept  M,  38  pp.,  4  pis.  and  geologic 
map.    1901. 

Contains  notes  on  the  physiographic  features  and  ancient  gneisses  and 
limestones  and  Silurian  strata  of  the  region. 

58 Laurentian  limestones  of  BaflSnland. 

Abstract:  Geol.  Soc.  Am.,  Bull.,  vol.  12,  p.  471,  1901. 
Science,  new  ser.,  vol.  13,  p.  100,  1901. 

59  Bell  (W.  T.).    The  remarkable  concretions    of    Ottawa  County, 

Kansas. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  315-316,  figs.  1-2,  1901. 

Describes  the  occurrence  of  concretionary  masses  of  crystalline  lime- 
stone, most  of  them  in  place. 

60  Biddle  (H.  C).     The  deposition  of  copper  by  solutions  of  ferrous 

salts. 

Jour.  Geol.,  vol.  9,  pp.  430-436,  1901. 

Describes  certain  chemical  experiments  which  show  that  the  condi- 
tions under  which  the  oxidation  of  the  ferrous  salts  may  result  in  the 
deposition  of  copper  are  those  which  are  found  in  the  circulation  of 
undei^ground  water. 

61  Bishop  (S.  E.).     Brevity  of  tuff-cone  eruptions. 

Am.  Geol.,  vol.  27,  pp.  1-5,  pi.  i,  1901. 

Discusses  the  origin  and  mode  of  formation  of  Diamond  Head,  Island 
of  Oahu. 

62  Blake  (William  P.).     Some  salient  features    in  the   geology  of 

Arizona,  with  evidences  of  shallow  seas  in  Paleozoic  time. 

Am.  Geol.,  vol.  27,  pp.  160-167,  1901. 

Describes  the  general  character  and  occurrence  of  ancient  crystalline 
Palezoic  and  Mesozoic  rocks  in  Arizona. 

63 The  evidences  of  shallow  seas  in  Paleozoic  time  in  southern 

Arizona. 

Abstract:  Jour.  Geol.,  vol.  9,  pp.  68-69,  1901;  Geol.  Soc.  Am.,  Bull., 
vol.  12,  p.  493,  1901. 
Contains  notes  on  probable  lower  Paleozoic  rocks  of  the  region. 

64 The  caliche  of  southern  Arizona. 

Abstract:  Eng.  &  Mg.  Jour.,  vol.  72,  pp.  601-602,  1901. 
Describes  the  character  and  origin  of  the  material. 

65  Blakemore  (William).     Pioneer  work  in    the  Crows   Nest  coal 
areas  [Canada]. 

Can.  Mg.  Rev.,  vol.  20,  pp.  127-132,  3  figs.,  1901;  Can.  Mg.  Inst.,  Jour., 
vol.  4,  pp.  230-243,  3  figs.,  1901. 
Describes  the  occurrence  of  the  coal  in  Cretaceous  strata. 
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66  Blasdale  (Walter  C).     Contribution  to  the  inin(»nilogy  of  C'ali- 

fornia. 
Univ.  of  Cal.,  Dept.  of  Geol.,  Bull.,  vol.  2,  pp.  327-348,  1901. 
Describes  material  from  the  Berkeley  Hilln,  Cal. 

67  Blatchley  (W.  S.).     Oolite  and  oolitic  stone  for  Portland  cement 

manufacture. 
Ind.  Dept.  of  Geol.  and  Nat.  Res.,  25th  Ann.  Kept.,  pp.  322-330,  1901. 
Abstract:  Stone,  vol.  22,  pp.  532-530,  1901. 
Describes  the  occurrence  and  characters  of  the  materials  in  Indiana. 

68 The  petroleum  industry  in  Indiana  in  1900. 

Ind.  Dept.  of  Geol.  and  Nat.  Res.,  25th  Ann.  Rept.,  pp.  481-527,  and 
map,  1901. 

Discusses  the  origin  of  j)etroleum  oil  and  contains  notes  on  its  occur- 
rence in  Indiana. 

69 and  Ashley  (George  H.).     The  lakes  of  northern  Indiana  and 

their  associated  marl  deposits. 

Ind.  Dept.  of  Geol.  and  Nat.  Res.,  25th  Ann.  Rept,  pp.  31-321,  pis. 
6-12,  figs.  1-70,  1901. 

Describes  the  characteristics  and  origin  of  these  lakes  and  the  occur- 
rence, formation,  and  uses  of  the  marl  be<ls. 

70  Bibbins  (A.  W.).     Occurrence  of  zoisite  and  thulite  ne'ir  Balti- 

more [Maryland]. 

Am.  Jour.  8ci.,  4th  ser.,  vol.  11,  pp.  171-172  (i  p.),  1901. 
From  notes  by  the  late  John  W.  T^e. 

71  Bishop  (Irving  P.).     Oil  and  gas  in  southwestern  New  York. 

N.  Y.  State  Mus.,  53d  Ann.  Rept.,  vol.  1,  pp.  rl07-rl34,  1901. 
De8cri>)es  occurrence  of  oil,  and  gives  sections  at  a  number  of  localities. 

72  Bose  (Emil).     Ein  Profil  durch  den  Ostabfall  der  Sierra  Madre 

Oriental  von  Mexico. 

Zeit.  deut.  geol.  Gesell.,  Band  53,  heft  2,  pp.  173-210,  figs.  1-8,  1901. 

Describes  the  character  of  the  igneous  and  sedimentary  rocks  and  the 
geologic  structure  of  the  region. 

73  Boi^vnocker  (J.  A.).     The  Corning  oil  and  gas  field. 

Ohio  Nat.,  vol.  1,  pp.  49-59,  Feb.,  1901.     (Not  seen.) 

74  Branner  (John  Casper).     [Review  of  '^V  record  of  the  geolog}^  of 

Texas  for  the  decade  ending  December  31,  l8y(>,"  by  Fred- 
eric W.  Simonds.] 
Jour.  Geol.,  vol.  9,  p.  91  (}  p.),  1901. 

75 [Review  of  "  Geologic  et  mineralogie  appliqueos.     Les  mine- 
mux  et  leur  gisements,"  by  Henri  Charpentier.J 
Jour.  Geol.,  vol.  9,  pp.  19S-199,  1901. 

76 Origin  of  ripple  marks. 

Jour.  Geol.,  vol.  9,  pp.  5.3.5-530,  IWl. 

Suggests  that  tlie  origin  of  large  ripple  marks  may  l>e  found  in  the 
seaward  extension  of  beach  cusi>s. 
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77  Brewer  (William  M.).    Texada  Island,  British  Columbia. 

Eng.  &  Mg.  Jour.,  vol.  72,  pp.  665-667,  2  figs.,  1901. 
Ck)ntains  notes  on  the  geology  and  ore  bodies. 

78  Broadhead  (Garland  C).     History  of  geological  surveys  in  Mis- 

souri. 
Encyclopedia  History  of  Missouri,  pp.  27-31,  1901.     (Not  seen. ) 

79 Geology  (and)  Mineralogy  (Missouri). 

Encyclopedia  History  of  Missouri,  pp.  31,  and  390-393, 1901.     (Not 
seen.) 

80  Brooks  (Alfred  Hulse).    A  new  occurrence  of  cassiterite  in  Alaska. 
Science,  new  ser.,  vol.  13,  p.  593,  1901. 
Gives  a  brief  description  of  occurrence  in  stream  gravels. 

SOa An  occurrence  of  stream  tin  in  the  York  region,  Alaska. 

U.  S.  Geol.  8urv.,  Min.  Res.  of  U.  S.  for  1900,  pp.  267-271,  1901. 
Describes  the  general  geology  of  the  region  and  the  occurrence  of  the 
stream  tin. 

81 and  Collier  (Arthur  J.).     Glacial  phenomena  of  the  Seward 

Peninsula  [Alaska]. 
Abstract:  Science,  new  ser.,  vol.  13,  pp.  188-189,  1901. 
Abstract  of  paper  read  before  the  Geological  Society  of  Washington. 

82 Schrader  (F.  C)  and.     Some  notes  on  the  Nome  gold  region 

of  Alaska. 

See  Schrader  (F.  C.)  and  Brooks  (A.  H.),  681. 

83  Brown  (Arthur  Erwin).     On  some  points  in  the  phylogeny  of  the 

primates. 
Phil.  Acad.  Nat.  ScL,  Proc.  for  1901,  pp.  119-125,  1901. 

84  Brush  (George  J.).     On  hortonolite,  the  chrysolite  group. 

Yale  Bicentennial  publi (rations,  Cont.  to  Mineral,  and  Petrog.,  pp. 
37-41,  1901.     (From  Am.  Jour.  ScL,  vol.  48,  pp.  17-23,  1869.) 

85 On  sus^^cxite,  a  new  bomte  from  Mine  Hill,  Franklin  Furnace, 

Sussex  County,  New  Jersey. 

Yale  Bicentennial  publications,  Cont.  to  Mineral,  and  Petrog.,  pp. 
33-36,  1901.     (From  Am.  Jour.  Sci.,  vol.  46,  pp.  240-243,  1868.) 

86 On  gahnite  from  Mine  Hill,  Franklin  Furnace,  New  Jersey. 

Yale  Bicentennial  publication?,  Cont.  to  Mineral,  and  Petrog.,  pp. 
42-44,  1901.     (From  Am.  Jour.  Sci.,  vol.  1,  pp.  28-29,  1871.) 

87 On  the  chemical  composition  of  durangit^. 

Yale  Bicentennial  publications,  Cont.  to  Mineral,  and  Petrog.,  pp. 
45-47,  1901.     (From  Am.  Jour.  Sci.,  vol.  11,  pp.  464-465,  1876.) 

88 and  Dana  (Edward  S.).     On  a  new  and  remarkable  mineral 

locality  at  Branchville,  in  Fairfax  Count^^  Connecticut; 
with  a  description  of  several  new  species  occurring  there. 
First  paper. 

Yale  Bicentennial   publications,  Cont.  to  Mineral,  and   Petrog.,  pp. 
48-71,  1901.     (From  Am.  Jour.  Sci.,  vol.  16,  pp.  33-46,  1878.) 
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89  Bmsh  (George  J.)  and   Dana  (Edward  S.).     S(^eond    Bi-anchville 
paper. 

Yale  Bicentennial  publications,  Cont.  to  Mineml.  and  Fctrog.,  pp. 
72-80,  1901.     (From  Am.  Jour.  Sci.,  vol.  17,  pp.  359-360,  1879.) 

90 Third  Branch ville  paper. 

Yale  Bicentennial  publications,  Cont.  to  Mineral,  and  Petrog.,  pp. 
81-85,  1901.     (From  Am.  Jour  M.,  vol.  18,  pp.  45-50,  1879.) 

91 Fourth  Bmnchvnlle  paper — Spo(Uim(»ne  and  th(»  results  of 

its  alteration. 

Yale  Bicentennial  publications,  Cont.  to  Mineral,  and  Petrog.,  pp. 
86-104,  1901.     (From  Am.  Jour.  Sci.,  vol.  20,  pp.  257-284,  1880. ) 

92 Fifth  Branehville  paper,  with  analyses  of  several  man- 

ganesian  phosphates  by  Horace  L.  Wells. 

Yale  Bicentennial  publications,  Cont.  to  Mineral,  and  Petrog.,  pp. 
105-120,  1901.     (From  Am.  Jour.  Sci.,  vol.  39,  pp.  201-216,  1890.) 

93  Bachan  (J.  S.).     Was  Mount  Royal  an  ac^tive  volcano? 

Can.  Rec.  Sci.,  vol.  8,  pp.  321-328,  1901. 
Abstract:  Am.  Geol.,  vol.  27,  p.  313,  1901. 
Discusses  tbe  geologic  history  of  Mount  Royal. 

94  Buckley  (Ernest  Robertson).     The  clays  and  cla}^  industries  of 

Wisconsin. 

Wis.  Geol.  and  Nat.  Hist.  Surv.,  Bull.  No.  7,  Part  I,  304  pp.,  pis.  i-lv 
1901. 

Describes  the  composition,  classification,  and  proi>ertie8  of  days  and 
the  occurrence  and  distribution  of  clay  dei>oMits  in  VVitntonsin.  Includes 
map  of  the  State,  showing  the  distribution  of  the  various  clay  beds. 

95 Ice  ramparts. 

Wis.  Acad.  Sci.  Arts  and  Letters,  Trans.,  vol.  13,  pt.  I,  pp.  141-157, 
pis.  i-xiii,  1901. 

Describes  the  expansion  and  contraction  of  ice  and  their  resulting 
deformations. 

96  Burk  (W.  E.).     The  fluorspar  mines  of  western  Kentucky  and 

southern  Illinois. 

Min.  Ind.  for  1900,  pp.  293-295,  1901. 

Describes  the  general  geology  of  the  region  and  the  occurrence  of  the 
fluorspar  deposits. 

97  Burr  (Henry  T.).     The  stiiictural  relations  of  the  amygdaloidal 

melaphyr  in  Brookline,  Newton,  and  Brighton,  Mass. 

Harvard  Coll.,  Mus.  Comp.  Zool.,  Bull.,  vol.  38,  pp.  53-68,  pis.  1-2, 
figs.  1-3,  1901. 

Abstracts:  Am.  Geol.,  vol.  27,  p.  319,  1901.  Am.  Jour.  vSci.,  4th  ser., 
vol.  12,  pp.  80-81,  1901. 

Discusses  the  evidence  of  the  intrusive  character  of  the  melaphyr. 

98  BnrriU  (Chas.  H.).     The  Coal  Measures  of  the  Philippines. 

U.  S.  War  Dept.,  Kept,  to  the  V.  S.  Military  (iovemor  in  the  Philip- 
pines, 256  pp.,  1901.     (Not  seen.) 


nigitized  by 


Google 


22  BIBLIOGRAPHY    OF    NORTH  AMERICAN    GEOLOGY,        [biu.203. 

99  B3rme  (P.).     Marble  fonuations  of  the  Cahaba  River,  Alabama. 
Enj;.  and  M^r.  Jour.,  vol.  72,  p.  400,  1901. 
I)escril)e8  the  general  character  and  distribution  of  the  marble. 


100  Calvin  (Samuel).     Geoloi^y  of  Patje  County  flowa]. 

Iowa  (UH)1.  Surv.,  vol.  11,  pp.  400-460,  figs.  2S-:i7,  and  map,  1901. 
De8cril)es  the  physiography,  the  charaeter  an<l  cxunirrenct^  of  the  Car- 
l)oniferouH,  Cretaceous  and  Pltletoeene  strata,  and  the  occurrence  of 
economic  products. 

101 Concerning  the  oecurrenee  of  gold  and  some  other  mineral 

products  in  Iowa. 
Am.  (leol.,  vol.  27,  pp.  863-372,  1901. 

Descril)ea  the  origin  and  (Hcurrence  of  various  minerals  And  notos 
some  of  the  iK)i)ular  fallacies  that  are  heUl  concerning  them. 

102  Campbell  (Douglas  H.).     [Review  of  ''  Studies  in  fossil  botany/' 
by  D.  n.  Scott] 
Am.  Nat.,  vol.  35,  pp.  73-77,  1901. 

108  Campbell  (John  T.).     Evidence  of  a  local  subsidence  in  the  inte- 
rior [Indiana]. 
Jour,  (leol.,  vol.  9,  pp.  437-438,  1901. 

Difference  in  levelings  made  in  1883  and  in  1901  show  a  subsidence  in 
Parke  County,  Indiana. 

104  Campbell  (Marius  R.).      Hypothesis  to  account  for  the  extra- 
(ilacial  abandoned  valleys  of  the  Ohio  Basin. 

Abstra^'t^:  (ieol.  Soc.  Am.,  Bull.,  vol.  12,  p.  462  {h  p.),  1901. 
Science,  new  ser.,  vol.  13,  pp.  98-99,  1901. 

Discusses  their  fonm»tion  as  due  to  fonnation  and  jHirsistence  of  Iwal 
ice  dams. 

105 Charleston  Folio — West  Virginia. 

r.  S.  Geol.  Surv.,  Geol.  Atlas  of  \\  S.,  Folio  No.  72,  1901. 

Descrilx*s  the  geographic  and  topographic  features  of  the  region,  the 
stratigraphy,  the  character  and  occurrence  of  the  Carl>oniferous  and 
Pleistocene  strata,  the  geologic  structure,  and  the  mineral  resources  of 
the  (quadrangle. 

106  Carter  (O.  S.  C).      Artesian  wells  as  a  water  supply  for  Phila- 
delphia. 
Franklin  Inst.,  Jour.,  Jan.,  1893.     (Not  seen.) 

107 Art<*sian  wells. 

Franklin  Inst.,  Jour.,  Sept.,  1893.     (Not  sei^n.) 

108 Anthracite  coal  near  Perkiomen  Creek. 

Franklin  Inst.,  Jour.,  August,  1894.     (Not  seen.) 

KM) Drillingforoil  and  natural  ^is  in  the  vicinity  of  Philadelphia. 

Franklin  Inst.,  Jour,  Sept.,  1894.     (Not  seen.) 
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110  Carter  (O.  S.  C\).     Fei  ruginizcd  tree. 

Franklin  Innt.,  Jour.,  March,  1896.     (Not  seen.) 

Ill The  Upper  Si^hujlkill  River. 

Franklin  Inst.,  Jour.,  Nov.,  1897.     (Not  seen.) 

112 Denver's  water  supply. 

Phila.  Sunday  Times,  Oct.  22,  1899.     (Not  seen.) 

113 The  Grand  Canyon  of  the  Colorado. 

Phila,  Sunday  Times,  Dec.  24  and  31, 1899.     (Not  seen. ) 

114 Denver's  water  supply. 

Published  in  the  Philadelphia  Sunday  Times,  Oct.  22,  1899.     (Not 
seen.) 

115 Limestones  in  vicinity  of  Philadelphia,  and  hydraulic  cement. 

Phila.  Times,  April  8,  1900.     (Not  seen. ) 

116 The  source  of  Camden's  [New  Jersey]  artesian  water  supply. 

Published  in  the  Philadelphia  Sunday  Times,  June  10,  1900.  (Not 
seen.) 

117 The  petrified  forest  of  Arizona. 

Published  in  the  Philadelphia  Sunday  Times,  July  8,  1900.  (Not 
seen.) 

118 The  erosion  of  the  shore  lino  at  Atlantic  City — land  made 

and  lost. 

Published  in  the  Philadelphia  North  American,  Aug.  23,  1901.  (Not 
seen.) 

119 Atlantic  City's  [New  Jersey]  deep  artesian  well. 

Published  in  the  Philadelphia  Sunday  Times,  Aug.  24,  1901.  (Not 
seen.) 

120  Case  (E.  C).     Systematic  Paleontology,  Eocene  Reptilia. 

Md.  Geol.  Surv.,  Eocene,  pp.  95-98,  pis.  x-xi,  1901. 

121  Catlett  (Charles).     Coal -outcrops. 

Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  559-666 and  1005-1109, 1901. 
Mines  and  Minerals,  vol.  21,  pp.  255-257,  3  figs.,  1901. 

Discusses  the  variations  in  character  of  the  strata  of  outcrop  and  the 
conditions  some  distance  under  cover. 

122  Chalmers  (Robert).     Notes  on  the  Pleistocene  marine  shore  lines 

and  landslips  of  the  north  side  of  the  St.  Lawrence  valley. 

Can.  Geol.  Surv.,  new  ser.,  vol.  11,  Rept.  J,  Appendix  I,  pp.  63-70, 
1901.     Published  in  1900. 

Describes  the  shore  lines  and  the  occurrence  of  the  Ifmdslips. 

123 The  sources  and  distribution  of  the  gold  bearing  alluvions 

of  Quebec. 
Ottawa  Nat.,  vol.  15,  pp.  33-36,  1  fig.,  1901. 
Describes  the  occurrence  of  gold  and  the  source  of  the  material. 
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124  Chamberlin  (Thomas  C).     [Geologic  terminology.] 

Jour.  Gcol.,  vol.  9,  pp.  267-270,  1901. 

125 [Review  of  ''The  Norwegian  North  polar  expedition,  1893- 

1896.     Scientific  results.  Vol.  II.] 
Jour.  Geol.,  vol.  9,  pp.  273-275,  1901. 

126 [Review  of  "Meteorological  observations  of  the  second  Well- 
man  expedition,"  by  Evelyn  B.  Baldwin.] 
Jour.  GeoL,  vol.  9,  pp.  276-278,  1901. 

127 On  a  possible  function  of  disruptive  approach  in  the  forma- 
tion of  meteorites,  comets,  and  nebula?. 
Jour,  (ieol.,  vol.  9,  pp.  369-:^2,  i>l.  1,  1901. 

Discusses  the  iKJSsibility  of  umi*s  disruption  without  collision  and  the 
probable  effects. 

128 [Review  of  "Rival  theories  of  cosmogony,"  by  O.  Fisher.] 

Jour.  Geol.,  vol.  9,  pp.  458-*65,  1901. 

129 Report  on  some  studies  relative  to  primal  questions  in  geology. 

Abstract:  Sci.  Am.  Suppl.,  vol.  52,  p.  21504,  1901. 

130 On  Lord  Kelvin's  address  on  the  age  of  the  eiirth  as  an  abode 

fitted  for  life. 
Su'ith.  Inst.,  Ann.  Rept,  1899,  pp.  223-246,  1901. 

131  Chance  (H.  M.).     Gold  ores  of  the  Black  Hills,  South  Dakota. 

Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  278-285,  1901. 
Describes  the  peculiar  occurrence  of  gold  in  the  nearly  horizontal 
Cambrian  sandstones  and  shales  in  the  vicinity  of  Deadwood. 

132 The  iron-mines  of  Ilartville,  Wyoming. 

Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  987-1003,  1  fig.,  1901. 
Describes  the  occurrence  and  character  of  the  ore  bodies  and  gives 
detailed  descriptions  of  the  mine  workings. 

133  Charles  (H.   W.).     Dakota  sjindstone  in   Washington   County, 

[Kansas]. 
Kans.  Acad.  Sci.,  Trans.,  vol.  17,  p.  194,  1901. 
Describes  its  general  characteristics  in  this  county. 

134  Charlton  (O.  C).     Note  on  the  Mort  and  Bluff  meteorites. 

Texas  At^d.  Sci.,  Trans.,  vol.  4,  pp.  83-84,  1901. 
Brief  description  of  occurrence  and  character. 

135  Chatard  (T.  M.)  and  Wliitehead  (CaT>ell).     An  examination  of 

the  ores  of  the  Republic  mine,  Washington. 
Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  419-423,  1901. 
Describes  the  chemical  studies  made  of  these  gold  and  silver  ores. 

136  Chester  (Albert  H.).     Mineralogical  notes  and  explorations. 

N.  J.  Geol.  Surv.,  Ann.  Rept.  for  1900,  pp.  173-188,  1901. 

Describes  the  occurrence  and  clienucal  composition  of  several  minerals. 
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137  Chibas  (EMuardo  J.).     Manganese  mining  in  Cuba. 
Mines  and  Minerals,  vol.  21,  pp.  295-296,  1901. 
Abstnurt  of  rei>ort  on  the  manganese  mines  near  Santiago. 

133  CiUey  (Frank  H.).     Some  fundamental  propositions  in  the  theory 
of  elasticity.     A  stud}'  of  primary  or  self-balancing  stresses. 
Am.  Joiir.,8ci.,  4th  ser.,  vol.  11,  pp.  269-290, 1901. 
Discusses  briefly  the  application  of  the  theory  to  the  study  of  the  inner 
condition  of  the  earth. 

139  Clapp  (Frederick  G.).     Geological  history  of  the  Charies  River 

[Massachusetts], 

Tech.  Quart.,  vol.  14,  pp.  171-201,  figs.  1-13,  255-269,  figs.  14-17, 1901. 

De8cril)e8  the  various  stages  of  the  river's  development  and  their 
causes,  its  relation  to  the  geologic  structure  and  the  Tertiary  and  Glacial 
history  of  the  region. 

140  Clark  (William   Bullock)  and    Martdn   (George    Curtis).     The 

Eocene  deposits  of  Maryland. 

Md.  Geol.  Surv.,  Fx)cene,  pp.  21-92,  pis.  1-14,  1901. 

DescrilKJs  the  general  stratigraphic  relations,  distribution,  characters, 
origin  of  the  materials,  and  the  stratigraphic  and  paleontologic  charac- 
teristics of  the  Eocene  strata.     Discusses  their  correlation. 

141 Eocene  Mollusca. 

Md.  Geol.  Surv.,  Eocene,  pp.  122-203,  pis.  xvii-lvii,  1901. 

142 Eocene  MoUuscoidea  (Brachiopoda). 

Md.  Geol.  Surv.,  Eot^ene,  pp.  203-205,  pi.  58,  1901. 

143 Eocene  Echinerdomata. 

Md.  Geol.  Surv.,  Eocene,  pp.  232-233,  pi.  62,  1901. 

144  Clarke  (John  M.).     The  Oriskany  fauna  of  Becraft  Mountain, 
Columbia  County,  N.  Y. 

N.  Y.  State  Mus.,  53rd  Ann.  Rept,  vol.  2,  pp.  6-101,  pis.  1-9,  and 
geologic  map,  1901. 
See  Clarke  (J.  M.),  No.  971,  in  U.  S.  Geological  Survey  Bulletin,  No. 
•  188. 

145 Limestones  of  central  and  western  New  York  interbedded 

with  })ituminous  shales  of  the  Marcellus  stage,  with  notes 
on  the  nature  and  origin  of  their  faunas. 
N.  Y.  State  Mus.,  Bull.  No.  49,  pp.  115-i;^,  pi.  8,  figs.  1-2,  1901. 

146 New  Agelacrinites. 

N.  Y.  State  Mus.,  Bull.  No.  49,  pp.  182-198,  pi.  10,  figs.  1-7,  1901. 
Reviews  the  literature  regartiing  these  forms  and  describes  three  new 
species. 

147 Value  of  Amnigenia  as  an  indicator  of  fresh  water  deposits 

during  the  Devonic  of  New  York,  Ireland  and  the  Rhine- 
land. 
N.  Y.  State  Mus.,  Bull.  No.  49,  pp.  199-203,  pi.  11,  1901, 
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148  Clarke  (John  M.).    The  Maryland  Ek)cene  })ook. 

Science,  new  ear.,  vol.  14,  p.  27,  1901. 
Gives  a  brief  review  of  this  publication. 

149  Clajrpole  (E.  W.).     Notes  on  petroleum  in  California. 

Am.  Geol.,  vol.  27,  pp.  150-159,  1901. 

Describes  thephyniographic  features  of  the  oil  an»a.M,  tlie  general  geol- 
ogy, and  the  source  of  the  oil  and  gas. 

150 The  Sierra  Madre  near  Pasadena  [California], 

Abstracts:  Jour.  Geol.,  vol  9,  pp.  69-70,  1901;  Geol.  Soc.  Am.,  Bull., 
vol.  12,  p.  494,  1901. 
Contains  notes  on  the  Tertiary  strata  and  igneous  rocks  of  the  region. 

151  Clements  (J.  Morgan),  Van  Hise  (C.  R.)  and.     The  Vermilion 

iron-bearing  district. 
See  Van  Hise  (C.  R.),  759. 

152  Coleman  (Arthur  P.).     Glacial  and  interglacial  beds  near  Toronto 

[Canada]. 

Jour.  Geol.,  vol.  9,  pp.  285-310,  figs.  1-2,  1901. 

Describes  the  glacial  history,  the  variations  in  climate  and  their  effect 
on  the  then  existing  faunas  and  floras,  and  the  glacial  deposits  of  the 
region. 

153 Marine  and  fresh-water  beaches  of  Ontario. 

Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  129-146,  figs.  1-2,  1901. 

Abstract:  Science,  new  ser.,  vol.  13,  p.  136,  1901. 

Describes  the  marine  deposits,  shell  gravels,  and  beaches  of  the  region. 

154 The  Vermilion  River  placers  [Ontario]. 

Ontario  Bureau  of  Mines,  Rept.  for  1901,  pp.  151-159, 1  fig.,  1901. 
Describes  the  character  and  distribution  of  the  placers. 

155 Iron  ranges  of  the  Lower  Huronian  [Ontario]. 

Ontario  Bureau  of  Mines,  Rept.  for  1901,  pp.  181-211,  pis.  25-28,  1901. 

Describes  the  character  and  occurrence  of  the  iron-ore  bodies  of  vari- 
ous localities,  and  the  petrographic  characters  of  some  of  the  associated 
rocks.  Discusses  the  origin  of  some  of  the  ores  and  includes  notes  on 
the  Pleistocene  geology. 

156  —  —  Sea  beaches  of  eastern  Ontario. 

Ontario  Bureau  of  Mines,  Rept.  for  1901,  pp.  215-227,  pis.  29-30,  1901. 

Contains  notes  on  the  Leda  clay  and  Saxicava  sand,  and  describes  the 
character  and  occurrence  of  the  l>each  sands  and  gravels  and  their 
faunas. 

157  Collie  (George  Lucius).     Wisconsin  shore  of  Lake  Superior. 

Geol.  Soc  Am.,  Bull.,  vol.  12,  pp.  197-216,  figs.  1-2,  1901. 

Describes  the  general  geology  of  the  region,  the  shore  formations  and 
beach  phenomena,  and  the  characters  of  the  wave  erosion  and  its 
topography. 
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15S  Collie  (George  Lucius).     Physiography  of  Wisconsin. 

Am.  Bur.  CJe(»g.,  Bull.,  vol.  2,  20  pp.,  Sept.,  1901.     (Not  seen.) 

159  Collier  (Arthur  J.),  Brooks  (Alfred  H.)  and.    (ilacial  phenomena 
of  the  Seward  PeninsiUa  [Alaska]. 
See  Brooks  (A.  H.)  and  Collier  (A.  J.),  81. 

1(>0  Collins  (G.  K,),     Vein  structure  at  the  Reynolds  mine,  Georgia. 

Eng.  ana  Mg.  Jour.,  vr)l.  72,  pp.  6H-70,  figs.  1-11,  1901. 
I)iHeust*t>M  the  vein  phenomena  in  the  auriferous  crystalline  rocks  of 
the  region. 

161  Comstock  (Theodore  B.).     The  geology  and  vein  phenomena  of 

Arizona. 

Am.  luHt.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  1038-1101,  fig.  1,1901. 

(Jives  a  general  (U^scription  of  the  mineral  regions.  Discusses  the  oro- 
graphic (listurl>ance8  and  their  effecU^  on  ore  (le{)08ition,  and  describes 
the  Htratigraphic  succt^ssion  in  the  state. 

162  Comstock  (W.  J.),  Allen  (O.  D.)  and.     Bastnasite  and  tysonite 

from  Colorado. 
See  Allen  (O.  D.)  and  Comstock  (W.  J.),  11. 

168  Cooper  (A.  S.).     The  origin  and  occurrence  of  petroleum  in  Cali- 
fornia. 
Min.  Ind.  for  1901,  pp.  505-509,  fig.  1,  1901. 
Descril>e8  the  occurrence  and  character  of  the  oil. 

164  Corless  (C.  V.).     The  Coal  Creek  colliery  of  the  Crows  Nest  Pass 

Coal  Co.  [Canada]. 
Can.  Mg.  Rev.,  vol.  20,  pp.  60-67,  16  figs.,  1901. 
Can.  Mg.  Inst.,  Jour.,  vol.  4,  pp.  155-173,  11  figs.,  1901. 
Gives  a  general  description  of  the  geological  oi*currence  of  the  coal. 

165  Courti';  (W.  M.).     [In  discussion  of  paper  by  G.  O.  Smith  and 

Bailey  Willis  on  '^The  Clealuni  iron  ores,  Washington."] 
Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  1116-1117,  1901. 
Gives  additional  analyses  of  these  ores. 

166  Co'wles  (Henry  C).     The  relation  between  baselevelingand  plant 

distribution. 
Abstract:  Science,  new  ser.,  vol.  13,  pp.  372-373,  1901. 

167  Cragin  (F.  W.).     A  study  of  some  teleosts  from  the  Russel  sub- 

stage  of  the  Platte  Cretaceous  series. 
Colo.  Coll.  Stud.,  vol.  9,  pp.  25-37,  2  pis.,  1901.     (Not  seen.) 

168  Crane  (W.  R.).     Kansas  coal  mining. 

Eng.  and  Mg.  Jour.,  vol.  72,  pp.  74S-752,  7  figs.,  1901. 

Describes  the  distribution  and  characters  of  the  coal-bearing  strata. 
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169  Crosby  (W.  O.).  [Reviews  of  ^'  (iranites  of  southern  Rhode  Island 
and  Connecticut,  with  observations  on  Atlantic  Coast  gran- 
ites in  genorar'  by  J.  F.  Kemp;  '"Contact  nietamorphism 
of  a  basic  igneous  rock'"  by  U.  S.  Grant;  ''Suggestions 
regarding  the  classification  of  the  igneous  rocks"  b}-  W.  H. 
Hobbs;  "The  nomenclature  of  feldspathic  granolites"'  by 
H.  W.  Turner;  and  "Some  contact  phenomena  of  the  Pal- 
isade diabase"  by  J.  D.  Irving.] 
Am.  GeoL,  vol.  27,  pp.  51-54,  1901. 

170 [Reviews  of  "A  brief  review  of  the  titaniferous  magnetites" 

byj.  F.Kemp;  "Theoriginof  kaclin"by  H.  Ries;  "Igne- 
ous complex  of  Magnet  Cove,  Arkansas"  by  H.  S.  Wash- 
ington; "A  granite-gneiss  area  in  central  Connecticut"  by 
L.  G.  Westgate;  and  "The  origin  of  nitmtes  in  cavern 
earths"  by  W.  H.  Hess.] 
Am.  Geo!.,  vol.  27,  pp.  119-122,  1901. 

171 [Review  of  "The  calcareous  concretions  of  Kettle  Point, 

Lambton   County,  Ontario,"  by   R.   A.   Daly;  and  "The 
granite  rocks  of  the  Pikes  Peak  quadrangle"  by  E.   B. 
Mathews.] 
Am.  Geol.,  vol.  27,  pp.  253-254,  1801. 

172  [Review  of  "Some  principles  of  rock  analysis"  by  W.  F. 

Hillebrand;  and  "Analyses  of  rocks,  Laboratory  of  the 
U.  S.  Geological  Survey^'  by  F.  W.  Clarke.] 
Am.  Geol.,  vol.  27,  pp.  315-316,  1901. 

173 Are  the  amygdaloidal  melaphyrs  of  the  Boston  Basin  intru- 
sive or  contemporaneous  ? 
Am.  Geol.,  vol.  27,  pp.  324-327,  1901. 
Reviews  a  paper  by  Henry  T.  Burr. 

174 The  tripolite  deposits  of  Fitzgemld  Lake,   near  St.  John, 

New  Brunswick. 
Tech.  Quart,  vol.  14,  pp.  124-127,  1901. 
Describes  the  character  and  origin  of  the  deposit. 

175 Geological  history  of  the  hematite  iron  ores  of  the  Antwerp 

and  Fowler  belt  in  New  York. 
Tech.  Quart.,  vol.  14,  pp,  162-170,  figs.  1-4,  1901. 
Describes  the  character,  occurrence,  and  origin  of  the  hematite  ores  of 
the  region. 

176  Cross  (Whitman),  assisted  by  Arthur  Coe  Spencer.  General  geol- 
ogy, La  Plata  Folio — Colorado. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  Folio  No.  60,  1899. 

Describes  the  geographic  and  physiographic  features,  the  character 
and  occurrence  of  the  Juratrias,  Cretaceous,  Eocene,  and  Pleistocene 
strata  and  igneous  rocks,  and  the  geological  structure.  Includes  a  state- 
ment of  the  general  geologic  problems  of  the  region. 


Digitized  by 


Google 


WEKiji.]      PALEONTOLOGY,  PETBOLOGY,   AND   MINERALOGY,  1901.       29 

177  Cross  (Whitman).     Outline  of  geology.     (Silverton  quadrangle, 

Colorado.) 

r.  8.  Geol.  Surv.,  Bull.  No.  182,  pp.  29-39,  1901. 

Describes  the  general  characteristics  of  the  sedimentary  and  igneous 
rocks  and  the  structure  of  the  region. 

178  Cmnmings  (Edgar  R.).     The  use  of  Bedford  as  a  formational 

name. 

Jour.  Geol.,  vol.  9,  pp.  232-233,  1901. 

Proposes  the  name  Salem  limestone  for  the  Bedford  limestone,  the 
latter  having  been  preoccupied. 

179 Orthothetes  minutus,  n.  sp.  from  the  Salem  limestone  of 

Harrodsburg,  Indiana. 
Am.  Geol.,  vol.  27,  pp.  147-149,  pi.  15,  1901. 

180 A  section  of  the  upper  Ordovician  at  Vovay,  Indiana. 

Am.  Geol.,  vol.  28,  pp.  361-380,  pis.  34-35,  1901. 

Gives  a  detailed  section,  names  the  fossils  found  in  each  bed,  and 
compares  this  section  with  that  at  Cincinnati.  Describes  four  new 
species. 

181 Notes  on  the  Ordovician  rocks  of  southern  Indiana. 

Ind.  Acad.  Sci.,  Proc.  for  1900,  pp.  200-215,  1901. 

Gives  section  at  various  localities  with  notes  on  the  faunas. 

182 Some  developmental  stages  of  Orthothetes  minutus  n.  sp. 

Ind.  Acad.  Sci.,  Proc.  for  1900,  pp.  216-218,  1901. 

183  Cnrrie  (P.  W.).     On  the  ancient  drainage  at  Niagara  Falls. 

Can.  Inst,  Trans.,  vol.  7,  pp.  7-14,  6  pis.,  1901. 
Describes  the  course  of  the  preglacial  river  and  discusses  its  mode  of 
formation. 

184  Cii8hing(H.  P.).  Origin  and  age  of  an  Adirondack  augite  andesite. 

,AbstracfcB:  Geol.  Soc.  Am.,  Bull.,  vol.  12,  p.  464  (i  p.),  1901. 
Science,  new  ser.,  vol.  13,  p.  100,  1901. 
Brief  description  of  character  and  occurrence. 

185 Geology  of  Rand  Hill  and  vicinity,  Clinton  County  [New 

York]. 

N.  Y.  State  Mus.,  53d  Ann.  Kept.,  vol.  1,  pp.  r45-r82,  and  geologic 
map,  1901. 

Descril)e8  the  general  geologic  history  of  the  region,  and  the  pre- 
Cambrian  and  Paleozoic  rocks. 


186  Dall  (William  H.).     The  structure  of  Diamond  Head,  Oahu. 
Am.  Geol.,  vol.  27,  pp.  386-387,  1901. 

Refers  to  the  controversy  as  to  the  origin  of  Diamond  Head,  and 
states  the  author's  conclusions. 

187 The  morphology  of  the  hinge  teeth  of  bivalves. 

Am.  Nat,  voL  35,  pp.  175-182,  1901. 
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188  Dall  (William  H.).     A  gigantic  fossil  Lueina. 
Nautilus,  vol.  15,  pp.  40-42,  1901. 
Describee  Ludna  megamerie  from  Jamaica 

189 and  Bartsch  (Paul).     A  new  Californian  Bittium. 

Nautilus,  vol.  15,  pp.  58-59,  1901. 

190  Daly  (Reginald  A.).     The  physiography  of  Acadia. 

Harv.  Coll.,  Mus.  Comp.  Zool.,  Bull.,  vol.  38,  pp.  73-103,  pis.  1-11, 
1901. 

Abstract:  Am.  Geol.,vol.  27,  pp.  317-318,  1901. 

Describes  the  characteristics  of  the  several  plateau  and  lowland  areas 
and  discusses  their  origin. 

191 Notes  on  oceanography. 

Science,  new  ser.,  vol.  13,  pp.  951-954,  1901. 

Discusses  phenomena  of  marine  currents  and  river  deflection. 

192  Dana  (Eld ward  S.).  On  the  composition  of  the  labradorite  rocks 
of  Waterville,  New  Hampshire. 

Yale  Bicentennial  publications,  Cent,  to  Mineral,  and  Petrog.,  pp. 
387-390,  1901.     (From  Am.  Jour.  Sci.,  3r(l  ser.,  vol.  3,  pp.  48-50, 1872.) 

193 Brush  (George  J.)  and.     On  a  new  and  remarkable  mineral 

deposit  at  Branch ville,  in  Fairfield  County,  Connecticut; 
with  a  description  of  several  new  species  occurring  there. 
First  paper. 
See  Brush  (G.  J.)  and  Dana  (E.  S.),  88. 

194 Second  Branchville  paper. 

See  Brush  (G.  J.)  and  Dana  (R  S.),  89. 

195 Third  Branchville  paper. 

See  Brush  (G.  J.)  and  Dana  (E.  S.),  90. 

196 Fourth  Branchville  paper — spodumene  and  the  results 

of  its  alteration. 
See  Brush  (G.  J.)  and  Dana  (E.  S.),  91. 

197 Fifth  Branchville  paper;  with  analyses  of  several  nian- 

ganesian  phosphates,  by  Horace  T.  Wells. 
See  Brush  (G.  J.)  and  Dana  (E.  S.),  92. 

198  Darton  (Nelson  Ho*^tio).  Preliminary  description  of  the  geology 
and  water  resources  of  the  southern  half  of  the  Black  Hills 
and  adjoining  regions  in  South  Dakota  and  Wyoming. 

U.  S.  Geol.  Surv.,  21  st  Ann.  Kept.,  Pt.  IV,  pp.  497^99,  pis.  Iviii- 
cxii,  figs.  272-299,  1901. 

Abstract:  Jour.  Geol.,  vol.  9,  pp.  732-734,  1901. 

Describes  the  character  and  occurrence  o{  the  Cambrian,  Carbonifer- 
ous, Juratrias,  CretaceouF,  Tertiary,  and  Plei8t<^)CH?ne  strata,  and  the 
water  and  mineral  resources  and  soils  of  the  region. 
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199  Dartbn  (Nelson  Horatio).  Comparison  of  stratigraphy  of  the 
Black  Hills  with  that  of  the  Front  range  of  the  Rocky 
Mountains. 

Abstract:  Geol.  Soc.  Am.,  Bull.,  vol.  12,  p.  478  (}  p.),  1901;  Science, 
new  ser.,  vol.  13,  p.  188,  1901. 

200 and  Keith  (Arthur).    Washington  Folio,  Dist.  of  Columbia, 

Maryland,  Virginia. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  Folio  No.  70,  1901. 

Describes  geographic  and  topographic  features,  the  character  and 
occurrence  of  Archean  rocks  and  of  the  Cretaceous,  Eocene,  Neocene, 
and  Pleistocene  strata,  the  general  structure  of  the  Piedmont  and  Coastal 
plain  regions,  and  mineral  resources  of  the  area. 

201  Davis  (Charles  A.).     A  second  contribution  to  the  natural  history 

of  marl. 
Jour.  Geol.,  vol.  9,  pp.  491-506,  1901. 
Abstract:  Am.  Geol.,  vol.  27,  p.  186,  1901. 

202  Davis  (William  M.).     An  excursion  to  the  Grand  Canyon  of  the 

Colorado. 

Harv.  Coll.,  Mus.  Comp.  ZooL,  Bull.,  vol.  38,  pp.  108-201,  pis.  1-2, 
figs.  1-18,  1901. 

Abstracts:  Geol.  Soc.  Am.,  Bull.,  vol.  12,  p.  483  (\  p.),  1901;  Geol. 
Mag.,  new  ser.,  dec.  4,  vol.  8,  p.  324,  1901;  Science,  new  ser.,  vol.  13, 
p.  138,  1901. 

Describes  the  denudation  and  displacements  of  the  region  and  dis- 
cusses the  origin  of  the  drainage  system. 

203 Peneplains  of  central  France  and  Brittan\% 

Abstract:  Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  480-487,  pis.  44-45,  1901. 
Discusses  the  theory  of  peneplains. 

204 Note  on  river  terraces  of  New  England. 

Abstract:  Geol.  Soc.  Am.,  Bull.;  vol.  12,  pp.  483-485,  1  fig.,  1901. 
Discusses  the  formation  of  these  terraces. 

205 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  13,  pp.  152-153,  1901. 

Contains  notes  on  the  Dalles  of  the  Wisconsin  and  the  islands  of 
southern  California. 

206 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  13,  pp.  275-276,  1901. 

Contains  abstract  of  paper  by  H.  W.  Turner  on  the  origin  of  Yosemite 
Valley. 

207 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  13,  pp.  351-352,  1901. 

Contains  abstracts  of  papers  by  I.  C.  Russell  on  the  geology  of  the 
Cascade  Mountains  and  by  W,  T.  Lee  on  the  glacier  of  Mt  Arapahoe. 
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208  Davis  (William  M.).     Current  notes  on  physiography.   ' 
Science,  new  ser.,  vol.  13,  pp.  395-397,  1901. 

Contains  abstract  of  paper  by  Abbe  on  the  physiography  of  Allegany 
County,  Maryland. 

209 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  13,  pp.  471-472,  1901. 

Contains  abstract  of  paper  by  Ganong  on  the  physiography  of  New 
Brunswick. 

210 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  13,  pp.  551-552,  1901. 

Contains  brief  abstract  of  paper  by  Lindgren,  describing  the  Snake 
River  canyon. 

211 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  13,  pp.  628-629,  1901. 

Contains  brief  abstract  of  monograph  on  the  Illinois  glacial  lobe  and 
describes  reversion  in  river  development  in  Pennsylvania. 

212 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  13,  pp.  751-753,  1901. 

Contains  abstracts  of  second  folio  of  the  Topographic  atlas  of  the 
United  States  and  of  paper  by  Lee  on  the  debris-covered  mesas  of 
Boulder,  Colorado. 

213 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  13,  pp.  791-793,  1  fig.,  1901. 

Contains  abstracts  of  the  third  folio  of  the  Topographic  atlas  of  the 
United  States  by  R.  T.  Hill,  and  of  a  jmper  by  Crosby  on  the  Nashua 
Valley,  Massachusetts. 

214 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  13,  pp.  871-872,  1901. 

Gives  an  abstract  of  paper  by  Jones  on  the  Tallulah  gorge  in  Georgia. 

215 Current  notes  on  physiogmphy. 

Science,  new  ser.,  vol.  13,  pp.  950-951,  1901. 

Reviews  recently  published  folios  of  the  Cieologic  atlas  of  the  United 
States. 

216 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  14,  pp.  152-153,  1901. 

Gives  an  abstract  of  a  paper  by  Matthes  on  the  (Hacial  sculpture  of 
the  Big  Horn  Mountains. 

217 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  14,  pp.  299-330,  1901. 

Gives  an  abstract  of  paper  by  Shattuck  on  the  Pleistocene  problem  of 
the  North  Atlantic  Coastal  plain. 

218 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  14,  pp.  457-459,  1901. 

Reviews  paper  by  Spurr  on  the  structure  of  the  Basin  ranges. 
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219  Davis  (William  M.).    Current  notes  on  physiography. 
Science,  new  ser.,  vol.  14,  pp.  537-638,  1901. 

Contains  remarks  on  glacial  lakes  in  Minnesota,  esker  lakes  in  Indi- 
ana and  the  Ontario  coast. 

220 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  14,  pp.  698-699,  1901. 

Refers  to  dikes  as  topographic  features,  the  character  of  the  plain  of 
St.  Lawrence  Valley  and  the  question  of  peneplains. 

221 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  14,  pp.  778-779,  1901. 

Reviews  papers  by  Johnson  on  the  High  Plains  and  by  Low  on  the 
south  shore  of  Hudson  Strait 

222 Current  notes  on  physiography. 

Science,  new  ser.,  vol.  14,  pp.  856-859,  1901. 

Reviews  Hobbs^s  paper  on  the  River  system  of  Connecticut  and  Bowl- 
ing and  Tyrrell  on  Lake  Winnipeg. 

223  Da^TBon  (George  M.).     Summary  report  on  the  operations  of  the 
Geological  Survey  for  the  year  1898. 

Can.  Geol.  Surv.,  new  ser.,  vol.  11,  Rept.  A,  208,  pp.,  1901,  published 
in  1899. 

224 Geological  record  of  the  Rocky  Mountain  region  in  Canada. 

Geol.  See.  Am.,  Bull.,  vol.  12,  pp.  57-92,  1901. 

Gives  an  account  of  the  physiographic  features  and  a  table  of  geologic 
formations  of  the  region.  Describes  the  character  and  occurrence  of 
the  rocks  of  the  subdivisions  of  the  Archean,  Paleozoic,  Mesozoic,  and 
Cenozoic  eras. 

225 Physical  hiwStory  of  the  Rocky  Mountain  region  in  Canada. 

Science,  new  ser.,  vol.  13,  pp.  401-407, 1901. 

Contains  portion  of  address  delivered  before  the  Geological  Society  of 
America. 

226  Day  (David  T.).     Notes  on  the  occurence  of  platinum  in  North 

America. 

Am.  Inst  Mg.  Engrs.,  Trans,  vol.  30,  pp.  702-708,  1901. 

Describes  the  geographic  distribution  of  platinum  and  its  occurrence 
on  the  Pacific  Coast. 

227  Deem  (Bashford).     On  two  new  Arthrodires  from  the  Cleveland 

shale  of  Ohio. 
N.  Y.  Acad.  Sci.,  Mem.,  vol.  2,  pp.  86-100,  pis.  2-7,  figs.  1-2,  1901. 

228 On  the  characters  of  Mylostonia  Newberry. 

N.  Y.  Acad.  Sci.,  Mem.,  vol.  2,  pp.  101-109,  pis.  7-8,  figs.  3-10,  1901. 

229 Further  notes  on  the  relationships  of  the  Arthrognathi. 

N.  Y.  Acad.  Sci.,  Mem.,  vol.  2,  pp.  110-123,  figs.  12-18,  1901. 
Discusses  the  position  of  the  Arthrognathi  and  the  systematic  arrange- 
ment and  nomenclature  of  the  structures. 
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230  Diller  (Joseph  Silas).     Geomorphogeny  of  the  Klamath  Mountains 
[Cal  if  om  ia-Oregon] . 
Al)fltract8:  Geol.  Soc.  Am.,  Bull.,  vol.  12,  p.  461  (J  p.),  1901.    ' 
Science,  new  ser.,  vol.  13,  p.  97,  1901. 

231 Coos  Bay  Folio — Oregon. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  Folio  No.  73,  1901. 

Describes  the  topographic  features,  the  character  and  the  occur- 
rence of  the  Cretaceous,  Eocene,  Neocene,  and  Pleistocene  deposits  and 
igneous  rocks,  and  the  occurrence  of  coal  and  gold. 

232  Dodge  (Richard  E.).     Landslides  of  Echo  and  Vermillion  cliffs. 

Abstract:  Geol.  Soc.  Am.,  Bull.,  vol  12,  p.  485  (7  1.),  1901. 

233  Donald  (J.  T.),     The  composition  of  some  Canadian  limestones. 

Can.  Mg.  Rev.,  vol.  20,  pp.  67-68,  1901. 
Can.  Mg.  Inst.,  Jour.,  vol.  4,  pp.  152-154,  1901. 
Gives  chemical  analyses  and  notes  on  the  economic  uses  of  these  lime- 
stones. 

234  Douglass  (Ekrl).     New  species  of  Merycochoerus   in   Montana. 

Part  II. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  73-89,  figs.  1-5,  1901. 
Describes  material  from  Tertiary  beds. 

234a Fossil  mammalia  of  the  White  River  beds  of  Montana. 

Am.  Phil.  Soc.,  Trans,  new  ser.,  vol.  20,  pp.  [only  separate  seen],  ])1. 
ix  and  map,  1901. 

Describes  the  characters  of  the  strata  and  of  the  fossi^  mammals 
collected. 

235  Douglas  (James).     Record    of  borings  in   the  Sulphur   Spring 

Valley,  Arizona;  and  of  agricultural  experiments  in  the 
same  locality. 

Am.  Phil.  Soc.,  Proc.,  vol.  40,  pp.  161-16:^,  1  fig.,  1901. 

(lives  record  of  well  boring  in  the  valley  to  the  depth  of  765  feet. 

236  Dowling  (D.  B.).     Report  on  the  geology  of  the  west  .shore  and 

islands  of  Lake  Winnipeg. 

Can.  Geol.  Surv.,  new  ser.,  vol.  11,  Rept  F.,  1(X)  pp.,  2  pin.,  10  figs. 
1901,  published  in  1900. 

Dewribes  the  physiography,  the  character,  occurrence,  and  faunas  of 
the  Ordovician  strata  and  the  glacial  phenomena  of  the  region. 

237 The  physical  geography  of  the  Rod  River  Valley  [Canada]. 

Ottawa  Nat.,  vol.  15,  pp.  115-120,  pis.  8-9,  1901. 
Describes  the  physiographic  history  of  the  region. 

238  -^  See  TyrreU  (J.  B.),  747. 

239  Dresser  (John  A.).     A  hornblende  lamprophyre  dike  at  Rich- 

mond, P.  Q. 

Can.  Rec.  Sci.,  vol.  8,  pp.  315-320,  1901. 

DeHi'ribcs  the  occurrence  of  the  dike  and  the  characters  of  the  dike 
rock. 
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240  Dresser  (John  A.).     A  preliminary  note  on  an  amygdaloidal  trap 
rock  in  the  eastern  townships  of  the  Province  of  Quebec. 
Ottawa  Nat,  vol.  14,  pp.  180-182,  1901. 
Describes  the  megascopic  and  microscop  c  characters  of  the  rock. 

241 On  the  petrography  of  Mt.  Orford. 

Am.  Geol.,  vol.  27,  pp.  14-21,  1901. 

Describes  occurrence  and  chanurter  of  diabase,  gabbro-dioriti*,  terpen- 
tine, and  ophicalcite,  and  gives  a  summary  of  the  geologic  history  of 
the  region. 

242 On  the  petrography  of  Shefford  Mountain  [Quebec]. 

Ajn.  Geol.,  vol.  28,  pp.  204-213,  pi.  21.  1901. 

Describes  petrographic  characters  of  essexite,  nordmarkite,  and 
pulaskite,  and  discusses  their  relations. 

243  Dryer  (Charles  R.).     Certain  peculiar  eskers  and  esker  lakes  of 
northeastern  Indiana. 
Jour.  Geol.,  vol.  9,  pp.  123-129,  figs.  1-2,  1901. 
Describes  glacial  phenomena  of  the  n^ion. 

244 Lessons  in  physical  geography. 

American  Book  Co.,  1901. 

Review,  Jour.  Geol.,  vol.  9,  pp.  (>38-()39,  1901. 

245  Dnxnble  (E.  T.).     Cretaceous  of  ObisjK)  Canyon,  Sonora,  Mexico. 
Texas  Acad.  Sci.,  Trans.,  vol.  4,  p.  81,  1901. 
Gives  brief  description  of  the  character  of  the  beds. 

246 Occurrence  of  oyster  shells  in  volcanic  deposits  in  Sonora, 

Mexico. 
Texas  Acad.  Sci.,  Trans.,  vol.  4,  p.  82,  1901. 
Gives  brief  description  of  occurrence, 

247 The  iron  ores  of  east  Texas. 

Eng.  &  Mg.  Jour.,  vol.  72,  p.  104  (J  p.),  1901. 
Contains  brief  notes  on  the  character  of  the  ores. 

248 Geology  of  the  Beaumont  oil  fields  (Texas). 

Houston,  Texas,  June,  1901.     (Not  seen.) 

249  Dwight  (W.  B.).     Fort  Cassin  beds  in  the  Calciferous  limestone 
of  Dutchess  County,  New  York. 
Abstract:  Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  490-491,  1901. 
Contains  notes  on  the  faunas  of  these  beds. 


250  Eakle  (Arthur  S.).     Mineralogical  notes,  with  chemical  analyses 
by  W.  T.  Schaller. 
Univ.  of  Cal.,  Dept.  of  Geol.,  Bull.,  vol.  2,  pp.  315-826,  pi.  9,  1901. 
Descril>es  pectolite,  zircon  crystalf?,  esmeraldaite,  coquimbite,  and 
altaite  crystals. 
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X   ,     S\  xunuatic  paleontology,  Ek)cene  Pisces. 
,    ,     VsA^HN  i»p.  »»-n5,  pis-  12-15,  1901. 

V  V  u-x*  hMwitus,  Helicoprion,  Acanthodes,  and  other 
^  H' ;K^nt\H»us  sharks. 
,      vivavHs  now  ser.,  vol.  14,  p.  795,  1901. 
v..    MH^4»i,.  vol.  52,  p.  21505,  1901. 

*     ^  .1    l\»l\v lu  (\).     The  formation  as  the  basis  for  geologic  map- 

Kuii.  UiH»l.,  vol.  9,  pp.  708-717,  1901. 

l^M  uwi'ii  the  problems  involved  and  the  application  of  the  proposed 


'..  i  Iho  omory  deposits  of  Westchester  County,  New  York. 

Mill,  hid.  for  1900,  pp.  15-17,  1901. 
IK^iribes  briefly  the  character  and  occurrence  of  the  deposits. 

..\»U         '  A   recently  discovered  extension  of  the  Tennessee  white 
phosphate  fields. 
V.  H.  (ieol.  Surv.,  Min.  Res.  for  1900,  pp.  812-813,  1901. 
Briefly  describes  occurrence  in  Decatur  County. 

'j;*;*  BIdrldga  (George  H.).  The  asphalt  and  bituminous  rock  deposits 
of  the  United  States. 

U.  H.  Geol.  Surv.  22nd  Ann.  Kept,  Pt.  1,  pp.  209-452,  pis.  xxv- 
Iviii,  fig.  1-52,  1901. 

DcHcribes  the  character  and  geologic  occurrence  of  these  materials  in 
the  United  States. 

'JM  Ells  (R.  W.).  Report  on  the  geology  of  the  Three  Rivers  map 
sheet  or  northwestern  sheet  of  the  eastern  townships  map, 
Quebec. 

Can.  Geol.  Surv.,  new  ser.,  vol.  11.  Kept  J.,  70  pp.,  4  pis.,  1901. 
Published  in  1900. 

Describes  the  physiography,  the  character,  and  occurrence  of  the 
Ordovician,  Silurian,  and  Pleistocene  deposits  and  economic  resources 
of  the  region. 

257 The  physical  features  and  geology  of  the  Paleozoic  basin 

between  the  Lower  Ottawa  and  St.  Lawrence  rivers. 

Can.  Roy.  Soc.,  Proc.  &  Trans.,  2nd  ser.,  vol.  6,  sect.  4,  pp.  99-120, 
1900. 

Describes  the  character  and  occurrence  of  the  Paleozoic  rocks  and  the 
structure  of  the  region. 

258 The  Carboniferous  basin  of  New  Brunswick. 

Can.  Roy.  Soc.,  Proc.  and  Trans.,  2nd  ser.,  vol.  7,  sect  4,  pp.  45-56. 
(Not  seen.) 
Abstract:  Science,  new  ser.,  vol.  13,  p.  1017,  1901. 
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259  £ll8  (R.  W.).    The  Devonian  of  the  Acadian  provinces. 
Can.  Rec  8ci.,  vol  8,  pp.  335-343,  1901. 

Reviews  previous  geologic  work  on  the  Devonian  strata  of  the  region 
and  discusses  the  problems  involved. 

2€0 Ancient  channels  of  the  Ottawa  River  [Canada]. 

Ottawa  Nat.,  vol.  15,  pp.  17-30,  1  map,  1901. 
Describes  glacial  phenomena  of  the  region. 

261  Emmons  (Samuel  Franklin).  The  secondary  enrichment  of  ore 
deposits. 

Am.  Inst  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  177-217, 1901. 

Discusses  the  process  of  the  secondary  enrichment  of  sulphide  ore 
bodies  by  transference  and  reconcentration  of  the  alteration  products  of 
the  original  vein  materials  by  descending  surface  waters  and  the  chem- 
ical reactions  which  take  place.  Describes  the  author's  observations  in 
various  mining  districts  and  discusses  their  bearing  on  these  problems. 

262 Notes  on  two  desert  mines  in  southern  Nevada  and  Utah. 

Abstract:  Science,  new  ser.,  vol.  13,  pp.  426-427, 1901. 
Contains  abstract  of  paper  read  before  the  Geological  Society  of 
Washington. 

F. 

263  Fairbanks  (Harold  W.).  Notes  on  the  geology  of  the  Three 
Sisters,  Oregon. 

Abstracts:  Jour.  Geol.,  vol.  9,  p.  73  ( J  p. ),  1901. 
Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  498-499  ( i  p. ),  1901. 
Brief  notes  on  occurrence  of  volcanic  rocks. 

264 Pyramid  Lake,  Nevada. 

Pop.  Sci.  Mo.,  vol.  58,  pp.  405-514,  figs.  1-8, 1901. 

Describes  the  geological  history  of  the  lake  and  adjacent  region  and 
the  characteristics  of  the  volcanic  materials. 

265  Fairchild  (Herman  LeKoy).   Beach  structure  in  Medina  sandstone. 

Am.  Geol.,  vol.  28,  pp.  9-14,  pis.  ii-iv,  1901. 
Review,  Jour.  Geol.,  vol.  9,  pp.  549-550, 1901. 

Discusses  the  evidences  indicating  the  origin  of  the  ripple  marks  in 
the  Medina  sandstone  of  New  York. 

266  Famsworth  (P.  J.).     When  was  the  Mississippi  River  Valley 

formed? 
Am.  Geol.,  vol.  28,  pp.  393-396, 1901. 
Discusses  the  geologic  history  of  the  region. 

267  Farrington  (Oliver  Cummings).     On  the  nature  of  the  metallic 

veins  of  the  Farmington  meteorite. 
Am.  Jour.  Sci., 4th  ser.,  vol.  11,  pp.  60-02,  fig.  1, 1901. 

268 The  structure  of  meteorites. 

Jour.  Geol.,  vol.  9,  pp.  51-66,  figs.  1-6,  pp.  174-190,  figs.  7-11, 1901. 
Describes  the  various  structural  features  of  meteorites  and  discusses 
their  origin. 
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269  Farrington  (Oliver  Cummlngs).     The  constituents  of  meteoriti\s. 
Jour.  Geol.,  vol.  9,  pp.  393-408,  and  522-532,  1901. 
Describes  the  character  and  occurrence  of  the  mineral  constituents  of 
meteorites. 

270 The  pre-terrestrial  history  of  meteorites. 

Jour..  Geol.,  vol.  9,  pp.  623-632,  1901. 

IHscuspes  the  evidencen  indicating  the  proliable  structure  of  meteoritei? 
before  n^aching  the  earth. 

271 Observations  on  Indiana  eaves. 

Field  Col.  Mus.,  Geol.  ser.,  vol.  1,  pp.  247-266,  pis.  32-33,  figs.  1-8, 
1901. 

272  Finlay  (George  I.).     The  gi*anite  of  Barre,  Vermont. 

Al)8tract:  Science,  new  ser.,  vol.  13,  p.  509  (i  p.),  1901.  N.  Y.  Acad. 
Sci.,  Annals,  vol.  14,  pp.  101-102,  1901. 

Briefly  descril>e^  megasroi)ic  and  microscopic  characters. 

273  Fisher  (C.  A.).     Comparative  value  of  bluff  and   valley   wash 

deposits  as  briek  material. 
Nebr.  Board  of  Agric,  Ann.  Kept.,  1900,  pp.  181-184.     (Not  seen.) 

274 Q-ould  (C.  N.)  and.     The  Dakota  and  Carboniferous  elays  of 

Nebraska. 

See  Gould  {C.  N.)  and  Fisher  (C.  A.),  3^5. 

275  Fisher  (O.).     On  rival  theories  of  eosmogony. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  414-422,  1901. 
Review  by  T.  C.  Chamberlin,  Jour.  Geol.,  vol.  9,  pp.  458-465, 1901. 
DiscuK**es  the  meteoric  and  nebular  theories  a.s  to  the  origin  of  the 
e^rth. 

276 Mathematical  notes  to  rival  theories  of  Cosmogony. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  140-142,  1901. 
Contains  mathematical  notes  supplementary  to  the  author's  previous 
pai>er. 

277  Flink  ((iust.).     On  the  minerals  from  Narsarsuk  on  the  firth  of 

Tunugdliarfik  in  southern  Greenland. 

MtMldelelsi^r  om  Gronland,  vol.  24,  pp.  11^213,  pis.  1-lx,  1901.  (Not 
s€'en.) 

278  Foerste  (August  F.).     Silurian  and  Devonian  limestones  of  Ten- 

nessee and  Kentucky. 

(iool.  Soc.  Am.,  Bull.,  vol.  12,  pp.  395-444,  pis.  35-41,  1901. 

Discussions  the  occurrence  and  lithologic  character  of  the  Ordovician, 
Silurian  and  Devonian  series  in  the  southern  portion  of  the  Cincinnati 
anticline  and  discusser  the  evidences  of  unconformity.  Gives  lists  of 
fossils  from  several  formations  at  various  points  in  the  region. 

270 The  NiagJira  group  along  the  western  side  of  the  Cincinnati 

anticline. 

Abstract:  Science,  new  ser.,  vol.  13,  pp.  134-i;i5,  1901. 
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280Foord  (Arthur  H.).  [Reviews  of  "Report  on  the  geology  and 
natural  resources  of  the  country  travei-sed  b}^  the  Yellow 
Head  pass  route  from  Edmonton  to  Tete  Jaune  Cache, 
comprising  portions  of  Alberta  and  British  Columbia,"  by 
James  McErvoy;  "On  some  additional  or  imperfectly 
understood  fossils  from  the  Cretaceous  rocks  of  the  Queen 
Charlotte  Islands,  with  a  revised  list  of  the  species  from 
these  rocks,"  by  J.  F.  Whiteaves;  and  "General  Index  to 
the  Reports  of  Progress,  1863  to  18S4,"  by  D.  B.  Dowling.] 
Geol.  Mag.,  new  ser.,  dec.  iv,  vol.  8,  pp.  136-139,  1901. 

281  Foote  (H.  W.),  Penfield  (S.  L.)  and.     On  bixbyite,  a  new  min- 
eral. 

See  Penfield  (S.  L.)  and  Foote  (H.  W.),  598. 

282 On  clinohedrite,  a  new  mineml  from  Franklin,  N.  J. 

See  Penfield  (S.  L.)  and  Foote  (H.  VV.),  599. 

283 Pratt  (J.  H.)  and.     On  wellsite,  a  new  mineral. 

See  Pratt  (J.  IL)  and  Foote  (H.  W.),  624. 

284  Ford  (W.  E.),  Penfield  (S.  L.)  and.     On  calavarite. 

See  Penfield  (S.  L.)  and  Ford  (W.  E.),  600. 

285  Fraas  (E.).     [Origin  of  the  Oligoccne  beds  of  the  Bad  Lands, 

South  Dakota.] 
Science,  new  ser.,  vol.  14,  pp.  211-212,  1901. 
CJontains  quotation  from  letter  to  Professor  Osbom. 

280  Frazer  (Persifor).     Memoir  of  Franklin  Piatt. 
Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  454-455,  1901. 
Gives  a  brief  sketch  of  his  life  and  a  list  of  his  publications. 

287 The  Eighth  Session  of  the  International  Congress  of  Geolo- 
gists. 

Am.  Geol.,  vol.  27,  pp.  335-342,  1901. 

2SS  Fuller  (Myron  L.).     Probable  representatives  of  the  pre-Wiscon- 
sin  till  in  southeastern  Massachusetts. 
Jour.  Geol.,  vol.  9,  pp.  311-329,  fi^H.  1-6,  1901. 
Aljetract:  Science,  new  ser.,  vol.  13,  p.  604  (J  p.),  1901. 
Describes  the  occurrence  and  character  of  the  till  at  various  localities 
and  the  occurrence  of  possible  interglacial  rock  disintegration. 

289  Furman  (H.  van  F.).     Gold  mining  in  Alaska. 

Mines  and  Minerals,  vol.  21,  pp.  433-436,  4  fi^.,  1901. 
Describes  character  and  occurrence  of   gold  ores  in   southeastern 
Alaska. 

a. 

29()  Oaimett  (Henry).     Profiles  of  rivers. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Papers,  No.  44,  100 
pp.,  11  pis.,  1901.     Heview,  Am.  Geol.,  vol.  28,  p.  56,  1901. 
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291  Gheikie  (Archibald).     The  founders  of  geology. 

Johns  Hopkins  Univ.,  Geoiige  Huntington  Williams  Memorial  lectures, 
vol.  1,297  pp.,  1901. 
Abstract:  Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  p.  326  (J  p.),  1901. 

Oidley  (J.  W.).     Tooth  characters  and  revision  of  the  North 
American  species  of  the  genus  Equus. 

Am.  Mus.  Nat.  Hist.,  Bull.,  vol.  14,  pp.  91-142,  pis.  18-21,  figs. 
1-27,  1901. 

GHlbart  (Grove  Karl).     Physical  history  of  Niagara  River  [New 
York]. 
U.  S.  Geol.  Surv.,  Map  of  Niagara  River  and  vicinity,  1901. 
Abstract:  Am.  Geol.,  vol.  27,  pp.  376-377,  1901. 

294  GHlpin  (Edwin,  jr.).     The  minerals  of  Nova  Scotia. 

Halifax,  N.  S.,  78  pp.,  1901.    (Not  seen.) 

295  Girty  (George  H.).     The  Waverly  group  in  northeastern  Ohio. 

Abstract:  Science,  new  ser.,  vol.  13,  p.  664  (J  p.),  1901. 

Gives  brief  notes  on  the  correlation  and  succession  of  the  subdivisions. 

296  GK>rdon  (C.  H.).     On  the  origin  and  classification  of  gneisses. 

Neb.  Acad.  Sci.,  Proc.  VII,  pp.  90-96,  1901. 

297  GK>uld  (Charles  Newton).     Notes  on  the  fossils  from  the  Kansas- 

Oklahoma  Red  Beds. 

Jour.  Geol.,  vol.  9,  pp.  337-340,  1901. 

Gives  a  description  of  the  character  of  the  Red  beds  and  of  the  evi- 
dences on  which  they  have  been  assigned  to  the  Permian.  Refers  to 
fossils  recently  found  in  the  beds. 

298 Notes  on  the  geology  of  parts  of  the  Seminole,  Creek,  Cher- 
okee, and  Osage  Nations. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  185-190,  1901. 
This  paper  is  a  contribution  to  the  Red  Beds  problem  of  the  region 
and  indicates  that  the  strata  are  of  Permian  and  Carboniferous  age. 

299 Tertiary  Springs  of  western  Kansas  and  Oklahoma. 

Am.  Jour.  S<'i.,  4th  ser.,  vol.  11,  pp.  263-268,  1901. 
Descril)es  the  occurrence  of  those  springs  at  the  contact  between  the 
Tertiary  and  the  underlying  Cretaceous  or  Red  Bed  strata. 

300 Notes  on  the  Kansas-Oklahoma-Texas  Gypsum  Hills. 

Am.  Geol.,  vol.  27,  pp.  188-190,  1901. 

Describes  the  geologic  features  of  the  region  and  discusses  the  age  of 
the  beds. 

301 The  Dakota  Cretaceous  of  Kansas  and  Nebraska. 

Kans.  Acad.  Sci.,  Trans.,  vol.  17,  pp.  122-178,  pis.  4-12,  1901. 
Gives  a  historical  sketch  of  work  on  the  Dakota  group,  descrilxis  its 
geographic  distribution,  character,  occurrence,  and  relations,  its  eco- 
nomic prcxiucts,  and  the  general  characteristics  of  its  faunas  and  flora. 
Includes  a  bibliography. 
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302  Gtould  (Charles  Newton).     On  the  southern   extension  of  the 
Marion  and  Wellin^fton  formations. 
Kane.  Acad.  Sci.,  Trans.,  vol.  17,  pp.  179-181,  1901. 
Describes  their  character  and  occurrence  in  Oklahoma. 

303 The  Oklahoma  salt  plains. 

Kans.  Acad.  Sci.,  Trans.,  vol.  17,  pp.  181-184,  1901. 
Describes  the  geologic  formations  of  the  region  and  the  occurrence  and 
character  of  the  salt  plains. 

304 Oklahoma  limestones. 

Stone,  vol.  23,  pp.  351-354,  1901. 

Contains  notes  on  the  occurrence  and  character  of  the  limestones. 

305 and  Fisher  (C.  A.).     The  Dakota  and  Carboniferous  clays  of 

Nebraska. 
Nebr.  Board  of  Agric,  Ann.  Kept.  1900,  pp.  185-194.     (Not  seen.) 

306  Gkaban  (Amadeus  W.).  Guide  to  the  geology  and  paleontology 
of  Niagara  Falls  and  vicinity. 

Buffalo  Soc.  Nat  Sci.  Bull.,  vol.  7,  pp.  1-284,  18  pis.,  190  figs.,  and 
geologic  map;  N.  Y.  State  Mus.,  Bull.  No.  45,  pp.  1-284,  18  pis.,  190 
figs,  and  geologic  map,  1901;  Review,  Am.  Geol.,  vol.  28,  pp.  66-57, 1901. 

Describes  the  physiography  of  the  region,  the  character,  occurrence, 
and  distribution  of  the  Silurian  and  Devonian  strata,  and  the  fossils  of 
the  Silurian  rocks.     Includes  a  bibliography. 

307 A  preliminary  geologic  section  in  Alpena  and  Presque  Isle 

Counties,  Michigan. 
Am.  Geol.,  vol.  28,  pp.  177-189,  pi.  20,  1901.     , 
Gives  a  section  of  a  well  1,250  ft.  in  depth  and  describes  the  char- 
acter and  occurrence  of  the  Devonian  strata  of  the  section  exposed. 

308 Recent  contributions  to  the  problem  of  Niagara. 

Abstract:  Science,  new  ser.,  vol.  14,  p.  773,  1901;  N.  Y.  Ac«ad.  Sci., 
Annals,  vol.  14,  p.  139,  1901;  Am.  Geol.,  vol.  28,  pp.  329-330,  1901. 

Contains  abstract  of  paper  read  before  the  New  York  Academy  of 
Sciences. 

309  Ghranger  (Walter),  Osbom  (Henry  F.)  and.     Fore  and  hind  limbs 

of  Sauropoda  from  the  Bone  Cabin  quarry  [Wyoming]. 

See  Osbom  (H.  F.)  and  Granger  (W.),  585. 

310  Grant  (C.  C).     Opening  address.     Geological  Section  [Hamilton 

Scientific  Association]. 
Hamilton  S<n.  Assoc.,  Jour.  &  Proc.  No.  17,  pp.  62-77,  2  figs.,  1901. 
Contains  notes  on  fossils  collected  near  Hamilton,  Ontario. 

311 Niagara  Falls  as  an  index  of  time. 

Hamilton  Sci.  Assoc.,  Jour.  <fe  Pror.  No.  17,  pp.  78-83,  1  fig.,  1901. 

312 (Geological  notes,  etc. 

Hamilton  Sci.  Assoc.,  Jour.  &  Proc.  No.  17,  pp.  84-96,  1  fig.,  1901. 
Discusses  certain  p<jst-glacial  problems. 
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313  Grant  (Ulysses  Sherman).  Preliminary  report  on  the  oop])er 
bearing  rocks  of  Douj^las  County,  Wisconsin. 

Wis.  Geol.  <&  Nat.  Hist.  Surv.  Bull.  No.  6  (2a  e<lition),  83  pp.,  pis. 
1-13,  fig.  1,  1901. 

Abstra(»t:  Am.  (tcoI.,  vol.  28,  pp.  323-324,  1901. 

Contains  the  material  of  the  first  edition  and  the  results  of  the  field 
work  of  1900  in  the  same  region. 

314 Junction  of  the  Lake  Superior  sandstone  and  Keweenawan 

traps  in  Wisconsin. 
Abstract:  Geol.  Soc.  Am.,  Bull.,  vol.  13,  pp.  6-9,  1901. 
Describes  the  structural  relations  in  Douglas  County. 

315  Oratacap  (L.  P.).     Paleontological  speculations. 
Am.  Geol.,  vol.  27,  pp.  75-100,  1901. 
Discusses  the  life  historj'  and  development  of  various  fossil  forms. 

316 Paleontological  speculations.     11. 

Am.  Geol.,  vol.  28,  pp.  214-2;J4,  1901. 
Diacu&ses  biological  crises. 

317 The  Ward-Coonley  collection  of  meteorites. 

Sci.  Am.  Suppl.,  vol.  52,  pp.  21382-21383,  1901. 
Contains  notes  on  the  characters  of  meteorites. 

318  Q-rave  (Casweli).     The  oyster  reefs  of  North  Carolina;  a  geolojj- 

ical  and  economic  study. 
Johns  Hopkins  Univ.,  Circ.  No.  151,  pp.  50-53,  2  figs.,  UKU. 

319  Greene  (George   K.).      Contribution   to    Indiana    Paleontology, 

Part  VI. 

New  Albany,  Ind.,  pp.  42-49,  pis.  ir>-18,  1901. 
Descril^es  Devonian  fossils  from  Indiana. 

320 Contribution  to  Indiana  Paleontology.     Part  VII. 

New  Albany,  Ind.,  pp.  50-61,  i)ls.  19-21,  1901. 

DescrilK's  Devonian  and  Carboniferous  fossils  from  Indiana. 

321 Contribution  to  Indiana  Paleontology.     Part  VUI. 

New  Albany,  Ind.,  pp.  62-74,  ph.  22-24*  1901. 
Describes  fossils  from  upper  Paleozoic  rocks. 

322  Q-regory  (Herbert  E.).  Andesites  of  the  Aroostook  volcanic  area 
of  Maine. 

Yale  Bicentennial  publications.  Cont.  to  Mine^ral.  and  Petrog.,  pp. 
467-180,  1901.     (From  Am.  Jour.  Sci.,  4th  ser.,  vol.  8,  pp.  359-369.) 

323 [Review  of  '* Physical  geogmphv  of  the  Texas  region,''  by 

R.  T.  Hill.] 
Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  m>-91  (J  p.),  1901. 

324 [Review  of  ''The  Pleistocene  geology  of  the  south  central 

Sierm  Nevada  with   special    reference   to  the   origin   of 
Yosemite  Valley,"  by  H.  W.  Turner.] 
Am.  Jour.  Sci.,  4th  ser!,  vol.  11,  pp.  242-243,  1901. 
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325  Gregory  (Herbert  E.).    [Review  of  '' Geolot^v  of  the  Boston  basin, 

vol.  1,  Part  III.     The  Blue  Hilln  Complex,^^  by  W.  O. 
Crosby.] 
Am.  Jour.  Sci.,  4th  ser.,  vol.  11,*  p.  .'524, 1901. 

326  Q-regory  (J.  W.)    The  plan  of  the  earth  and  its  causes. 

Am.  Geol.,  vol.  27,  pp.  100-119,  ^gt^.  1-5,  ami  134-147,  pis.  12-14,  fi^. 
1-16,  1901. 

Reviews  previous  discussions  as  to  the  orijrin  of  the  distribution  of  the 
irregularities  in  the  surface  of  the  lithosphere  and  discussers  the  jn^ntago- 
nal  theory  of  Elie  de  B<mumont  and  the  tetrahedral  of  Green. 

327  Oresley  (W.  S.).     Possible  new  coal  plants,  etc.,  in  coal. 

Am.  Geol.,  vol.  27,  pp.  6-14,  pis.  2-7,  1901. 

Describes  structures  occurring  in  coal  beds  which  may  l)e  of  vegetable 
origin. 

328  OriflELth  (William).    An  investi^tion  of  the  buried  valley  of  Wyo- 

ming [Pennsylvania]. 

Wyoming  Hist,  and  Geol.  Soc,  Proe.  and  Coll.,  vol.  6,  pp.  27-36, 
with  map,  1901. 

Abstract:  Am.  Geol.,  vol.  28,  p.  324,  (i  p.),  1901. 

Describes  glacial  phenomena  of  the  region. 

329  GhiniBley  (G.  P.).     Kansas  mines  and  minerals. 

Kans.  Acad.  8ci.,  Trans.,  vol.  17,  pp.  200-207,  1901. 
Gives  an  account  of  the  occurrence  of  the  various  economic  products 
of  the  State. 

330  Hague  (Arnold).     Note  sur  les  phi^nomenes  volcaniques  Tertiaires 

de  la  chaine  d'Absaroka  [Wyoming). 
Int.  Cong.  Geol.,  Compte  Rendu,  viii  session,  pp.  364-365,  1901. 

331  Hall  (Christopher  W.).     Sources  of  the  constituents  of  Minnesota 

soils. 
Minn.  Acad.  Nat.  Sci.,  Bull.  No.  3,  pp.  3SH-406,  2  figs.,  1901. 

332 Keweenawan  area  of  eastern  Minnesota. 

Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  31,3-342,  pis.  27-28,  fign.  1-3,  1901. 

Describes  the  U)iK)gniphy  and  physiography,  relations,  a.«s(H*iattMl  for- 
mations, the  occurrence  of  the  Keweenawan  nx'ksand  the  general  char- 
acters an<l  petrography  of  the  Cliengwatana  series. 

333 Keewatin  area  of  eastern  and  central  Minnesota. 

(ieol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  343-376,  pis.  29-32,  1901. 

Describes  the  o<*currence  of  the  serit»s  at  various  localities  and  their 
megascopic  and  microscopic  characters.  DiscuK^'s  the  evidences  as  to 
the  age  of  the  series. 

334  Hallock  (William).     Peculiar  effects  due  to  a  lightning  discharge 
on  Lake  Champlain  in  August,  1J)00. 
Jour,  (ieol.,  vol.  9,  pp.  671-672,  1901. 
Describes  the  effect  u\Hm  the  nx'ks  struck  by  the  di.*<charge. 
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336  Halse  (Ekiward).     Some  silver-bearing  veins  of  Mexico. 

North  of  Eng.  Inst,  of  Mg.  &  Mch.  Engre.,  Trans.,  vol.  50,  pp.  202-217, 
1901. 
Contains  brief  notes  on  the  vein  systems  of  various  mines. 

336  Hamilton  (S.  Harbert).     Troost's  survey  of  Philadelphia. 
Am.  Geol.,  vol.  27,  pp.  41-42  (i  p.),  1901. 

Calls  attention  U)  the  location  of  a  copy  of  Dr.  Gerard  Troost's  publi- 
cation on  the  survey  of  the  environs  of  Philadelphia. 

337 and  Withrow  (James  R.).    The  progress  of  mineralogy  in 

1899,  an  analytical  catalogue  of  the  contributions  to  that 
science  during  the  3"ear. 
Am.  Inst.  Mg.  Engrs.,  Bull.  No.  2,  1900.     (Not  seen.) 
Abstract:  Am.  Greol.,  vol.  27,  p.  48  (J  p.),  1901. 

338  Hanks  (Henry  G.).     The  deep-lying  auriferous  gravels  and  table 

mountains  of  California. 
San  Francisco,  15  pp.,  6  pis.,  1901.     (Not  seen.) 

339  arrington  (B.  J.).     George  Mercer  Dawson. 

Am.  Geol.,  vol.  28,  pp.  67-76,  pi.  9,  1901. 
Describes  the  life  and  work  of  Dr.  Dawson. 

340  Harris  (Gilbert  D.).     Oil  in  Texas. 

Science,  new  ser.,  vol.  13,  pp.  666-667,  1901. 

Contains  notes  on  the  thickness  of  the  Tertiary  in  the  vicinity  of 
Beaumont 

341  Haseltine  (R.  M.).     Lignite  deposits  or  fields  of  brown  coal  in 

North  Dakota. 
Mines  and  Minerals,  vol.  21,  pp.  545-546,  1901. 
Describes  character  and  occurrence  of  the  lignite  beds. 

342  Hatcher  {J.  B.).     Diplodocus  Marsh,  its  osteology,  taxonomy 

and  probable  habits,  with  a  restoration  of  the  skeleton. 
Carnegie  Mus.,  Mem.  vol.  1,  No.  1,  pp.  1-63,  pis.  1-13,  figs.  1-24,  1901. 
Abstract:  Science,  new  ser.,  vol.  14,  pp.  531-532,  1901. 

343 On  the  cranial  elements  and  the  deciduous  and  permanent 

dentations  of  Titanotherium. 
Carnegie  Mus.,  Annals,  vol.  1,  pp.  256-262,  pis.  7-8, 1901.    (Not  seen. ) 

344 Sabal  rigida;  a  new  species  of  palm  from  the  Laramie. 

Carnegie  Mus.,  Annals,  vol.  1,  pp.  263-264,  1901.     (Not  seen.) 

345 The  Jurassic  dinosaur  deposits  near  Canyon  City,  Colorado. 

Carnegie  Mus.,  Annals,  vol.  1,  pp.  327-341,  1901.     (Not  seen.) 

346 Some  new  and  little  known  fossil  vertebrates. 

Carnegie  Mus.,  Annals,  vol.  1,  1901.     (Not  seen.) 
Abstract:  Am.  Geol.,  vol.  27,  p.  379,  1901. 
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347  Hatcher  (J.  B.).     On  the  structure  of  the  manus  in  Brontosauriis. 

Science,  new  ser.,  vol.  14,  pp.  1015-1017,  1901. 

348  HsL-wes  (George  W.).     On  a  group  of  dissimilar  eruptive  rocks 

in  Campion,  New  Hampshire. 

Yale  Bicentennial  publictations,  Cont.  to  Mineral,  and  Petrog.,  pp. 
394-399,  1901.  (From  Am.  Jour.  Sci.,  3d  sen,  vol.  17,  pp.  147-151, 
1879.) 

349 The    Albany    granite.   New    Hampshire,   and    its    contact 

phenomena. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog.,  pp. 
400-414,  1901.     (From  Am.  Jour.  Sci.,  3d  ser.,  vol.  21,  pp.  21-32, 1881.) 

350  Hai^orth  (Erasmus).     The  Galena-Joplin  lead  and  zinc  district. 
Min.  Ind.  for  1899,  pp.  658-668,  2  figs.,  1900. 

Describes  the  general  geology  of  the  region  and  the  occurrence  of  the 
ores. 

351 Petroleum  and  natural  gas  in  Kansas. 

Eng.  and  Mg.  Jour.,  vol.  72,  p.  397,  1901. 

Describes  the  geographic  and  geologic  distribution  of  the  oil  and  gas. 

352  Hay  (O.  P.).     [Review  of  "  Beitrag  zur  systematik  und  Genealogic 
der  Reptilien"  by  Max  Furbringer.] 
Science,  new  ser.,  vol.  14,  pp.  180-181,  1901. 

353 The  chronological  distribution  of  the  elasmobranchs. 

Am.  Phil.  Soc.,  Trans.,  new  ser.,  vol.  20,  pp.  63-75,  1901. 

354  Haydan  (Horace  Edwin).     Mr.  Ralph  Dupuy  Lacoe. 

Wyoming  Hist  and  Geol.  Soc.,  Proc.  and  Coll.,  vol.  6,  pp.  39-54, 1901. 
Am.  Geol.,  vol.  28,  pp.  335-344,  pi.  32,  1901. 
Gives  a  sketch  of  his  life. 

355  Hayes  (Charles  Willard).     Geological  relations  of  the  iron-ores 

in  the  Cartersville  district,  Georgia. 

Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  403-419,  figs.  1-2,  1901. 

Describes  the  stratigraphy  and  structure  of  the  region  and  the  char- 
acter and  occurrence  of  the  iron,  with  notes  on  the  occurrence  of  ocher 
and  manganese. 

356  —^ —  The  Arkansas  bauxite  deposits. 

U.  S.  Geol.  Surv.,  2l8t  Ann.  Kept,  Pt.  Ill,  pp.  435-472,  pis.  Ix-lxiv, 
1901. 

Abstract:  Jour.  Geol.,  vol.  9,  pp.  737-739,  1901. 

Describes  the  general  geologic  and  physiographic  relations  of  the 
region,  and  the  character,  occurrence  and  origin  of  the  bauxite  deposits. 

357 Tennessee  white  phosphate. 

U.  S.  Ged.  Surv.,  21st  Ann.  Kept,  Pt.  Ill,  pp.  473-485,  pi.  Ixv,  1901. 
Describes  the  character,  occurrence  and  origin  of  the  phosphates  of 
Perry  County. 
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358  Heilprin  (A.).     Fossils  and  their  teachings. 

Sci.  Am.  Suppl.,  vol.  52,  pp.  21472-21473,  1901. 
Lecture   delivered  before   the    Philadelphia   Academy    of    Natural 
Scienceg. 

359 How  to  interpret  the  facts  of  geology. 

Sci.  Am.  Suppl.,  vol.  52,  pp.  2148H-21489,  19()1. 

Al)stract  of  lecture  delivered  before  the  Philadelphia  Academy  of  Nat- 
ural Sciences. 

360  Heiney  (Wni.  M.).     River  bends  and  bluffs  [Indiana]. 

Ind.  Acad.  Sci.,Proc.  for  1900,  pp.  197-200,  3  figs,  1901. 

361  Hershey  (Oscar  H.).     Peneplains  of  the  Ozark  Highlands. 

Am.  Geol.,  vol.  27,  pp.  25-41,  1901. 

Descrilx^a  the  Creta<*e()U8  and  Tertiary  i)eneplain8,  the  Lafayette  base 
level,  the  Ozarkian  valleyn  and  the  modern  valleys. 

362 Metamorphic  formations  of  northwestern  California. 

Am.  Geol.,  vol.  27,  pp.  225-245, 1901. 

Descril)es  the  character,  occurrence,  and  distribution  of  the  pre- 
Cretaceous  rocks  of  the  Klamath  Mountains. 

363 On  the  age  of  cerbiin  gmnites  in  the  Klamath  Mountains. 

Am.  (ieol.,  vol.  27,  pp.  258-259,  HK)1. 

Brief  <liHcus8i on  of  the  ji:eology  of  the  region  and  of  the  intrusive  orijrin 
of  the  j?ranite.  * 

364 The  age  of  the  Kansjin  drift  sheet. 

Am.  Geol.,  vol.  28,  pp.  20-25,  1901. 

Descrilx^s  the  occurrence  of  the  Kansan  drift  in  Missouri  and  discusses 
its  ajje. 

365 The  geology  of  the  central  portion  of  the  Isthmus  of  Panama. 

Univ.  of  Cal.,  I)ei)t.  of  Geol.,  Bull.,  vol.  2,  pp.  231-2fi7,  and  map,  1901. 
DescrilH^s  the  physidjjfraphic  features  and  the  occurrence  and  character 
of  several  formations.  Discusses  the  relations  of  the  crust  movements 
of  the  region. 

366 On  the  age  of  certain  granites  in  the  Klamath  Mountains 

[California]. 

Abstracts:  Jour.  Geol.,  vol.  9,  pp.  76-77,  1901;  Geol.  Soc.  Am.,  Bull., 
vol.  12,  i>.  501  (ii  p.),  1901. 

Contains  notes  on  the  octuirrence  of  the  granites  and  on  the  geologic 
history  of  the  region. 

367 An  unusual  type  of  auriferous  deposit. 

Science,  new  ser.,  vol.  13,  pj).  869-871,  1901. 

DescrilK*8  occurrence  of  gold  in  a  semidecom posed  rock  mass  in 
California  and  (liscussi's  the  mode  of  deposition  of  the  gold. 

368  Hilgard  (E.  W.).     A  historical  outline  of  the  geological  and  agri- 
cultural survey  of  the  State  of  Mississippi. 

Am.  (ieol.,  vol.  27,  pp.  28-1-311,  1901. 

Gives  an  account  of  the  work  of  this  organization  and  a  list  of  its 
publications. 
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369  Hilgard  (E.  W.).     A  sketch  of  the  pedalo^ical  geology  of  Cali- 

fornia. 

Abstracts:  Jour.  Geol.,  vol.  9,  pp.  74-75,  1901;  Geol.  Soc.  Am.,  Bull., 
vol.  12,  pp.  499-500,  1901. 

General  notes  on  the  soils  of  the  state. 

370  Hill  (B.  F.),  Kemp  (J.  F.)  and.     Pieliminarv  report  on  the  pre- 

Cambrian  formations  in  parts  of  Warr(»n,  Samtoga,  Fulton, 
and  Montgomery  counties  (New  York.) 
See  Kemp  (J.  F.)'^and  Hill  (B.  F.),  421. 

371  Hill  (Robert  T.).     [Review  of  ''  A  record  of  the  geology  of  Texas 

for  the  decade  ending  December  31,  ISliO,"  by  Frederic  W. 
Simonds.] 
Science,  new  ser.,  vol.  13,  pp.  226-227,  1901. 

372 The  coast  prairie  of  Texas. 

Science,  new  ser.,  vol.  14,  pp.  326-328,  1901. 

De^icribes  the  evidences  of  differential  movements  in  this  region  and 
its  bearing  on  the  occurrence  of  oil. 

373 Geographic  and  geologic  features  of  Mexico. 

Eng.  &  Mg.  Jour.,  vol.  72,  pp.  561-564,  2  iv^.,  1901. 
Describes  the  physiograj)hy  and  geology  of  the  country. 

374  Hills  (R.  C).     Spanish  Peaks  folio— Colorado. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  T.  S.,  F(»lio  No.  71,  1901. 

Describes  the  geographic  features,  the  character  ami  occurrence  of  the 
(-retaceous,  Kocene  and  Neocene  strata,  the  geologic  structure,  the  igne- 
ous rocks,  and  the  occurrence  of  coal  and  artesian  water. 

375  Hitchcock  (C.    H.).     Tuflf  cone  at  Diamond   Head,  Hawaiian 

Islands. 

Al>8tract4*:  Geol.  Soc.  Am.,  Bull.,  vol.  12,  p.  462  (\  p.),  1901;  Science, 
new  ser.,  vol.  13,  p.  981  (J  p.),  1901. 

376  Hobbs  (William  Herbert).     The  Newark  system  of  the  Pomper- 

aug  Valley,  Connecticut. 

U.  S.  Geol.  Surv.,  2l8t  Ann.  Kept.,  Pt.  Ill,  pp.  7-160,  pis.  i-xvii, 
figs.  1-59,  1901. 

Gives  a  sketch  of  present  knowle<lge  regarding  this  system,  descrihes 
the  character  of  the  sedimentary  and  igneous  rocks,  and  discus>es  the 
deformation  and  degradation  of  the  region. 

377 The  river  system  of  Connecticut. 

Jour.  Geol.,  vol.  9,  pp.  469-485,  pis.  1-2,  figs.  1-2,  UH)1. 
Descril>es  the  occurrence  and  origin  of  the  jointing  and  faulting  in  the 
Pomperaug  Valley,  the  occurrence  of  certain  intersecting  series  of  par- 
allel lines  (ailed  troughs,  which  occupy  the  drainage  channels  for  vary- 
ing distanct*s. 

378 Diamondiferous  deposits  in  the  United  States. 

Mm.  Ind.  for  1900,  i>p.  301-304,  liK)l. 
Brieflv  describes  occurrence  and  distribution. 
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379  Hobbs  (William  Herbert).     Connecticut  rivers. 

Science,  new  ser.,  vol.  14,  pp.  1011-1012,  1901. 
Discusses  a  recent  review  by  W.  M.  Davis. 

380  HoflFmann  (G.  Christian).     Report  of  the  section  of  chemistry  and 

mineralogy. 

Can.  Geol.  Surv.,  new  ser.,  vol.  11,  Kept.  R.,  55  pp.,  1901.  Published 
in  1900. 

381 On  some  new  mineral  occurrences  in  Canada. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  149-15:,,  1901. 
382 On  some  new  miLcral  occurrences  in  Canada. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  447-448,  1901. 

Describes  datolite  and  faujasite. 

383  Holder  (Charles  F.).     A  remarkable  salt  deposit. 
Sci.  Am.,  vol.  84,  p.  217, 2  figs.,  1901. 
Describes  occurrence  of  salt  on  the  Salton  desert  in  California. 

384 Erosion  on  the  Pacific  Coast. 

Sci.  Am.,  vol.  85,  p.  8, 3  figs.,  1901. 

Decribes  some  of  the  physiographic  features  of  the  California  Coast. 

385  HoUick  (Arthur).     A  reconnoissance  of  the  Elizabeth  Islands 
[Massachusetts]. 
N.  Y.  Acad.  Sci.,  Annals,  vol.  13,  pp.  387-418,  pis.  8-15, 1901. 
Describes  the  physiographic  and  glacial  features  of  the  region. 

386 Discovery  of  a  mastodon's  tooth  and  the  remains  of  a  boreal 

vegetation  in  a  swamp  on  Staten  Island,  N.  Y. 
N.  Y.  Acad.  Sci.,  Annals,  vol.  14,  pt.  1,  pp.  67-68, 1901. 

387 Eocene  plantee. 

Md.  Geol.  Surv.,  Eocene,  pp.  258-261,  pi.  64, 1901. 

388  Hopkins  (T.  C).  A  short  discussion  of  the  origin  of  the  Coal 
Measure  fire  clays. 

Am.  Geol.,  vol.  28,  pp.  47-51, 1901. 

Reviews  the  evidences  of  the  formation  of  fire  clays  in  situ  and  states 
that  the  occurrence  of  a  considerable  portion  of  them  is  better  explained 
by  considering  them  as  transported  clays  reduced  before  deposition. 

389 Graphite  and  garnet. 

Mines  and  Minerals,  vol.  21,  p.  352, 1901. 

Describes  occurrence  in  Pennsylvania  and  other  regions. 

390  Hovey  (E.  O.).    The  Geological  Society  of  America.    Thirtieth 
Annual  meeting. 
Sci.  Am.  Suppl.,  vol.  51,  pp.  20948-20950, 1901. 
Contains  abstracts  of  papers  read. 

391 Geology  and  geography  at  the  Denver  meeting  of  the  Amer- 
ican Association  for  the  Advancement  of  Science. 
Sci.  Am.  Suppl.,  vol.  52,  pp.  21504-21505, 1901. 
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392  Hovey  (E.  O.).    The  Thirtieth  Annual  Meeting  of  the  Geological 
Society  of  America. 
Sci.  Am.,  vol.  84,  p.  19, 1901. 
(Contains  brief  abstract  of  some  of  the  papers  read. 

393 [Abstracts  of  papers  read  before  the  thirtieth  annual  meet- 
ing of  the  Geological  Society  of  America.] 
Eng.  and  Mg.  Jour.,  vol.  71,  pp.  49-50, 1901. 

394 Geology  at  the  fiftieth  meeting  of  the  American  Association 

for  the  Advancement  of  Science. 
Eng.  and  Mg.  Jour.,  vol.  72,  pp.  297-298, 1901. 
Contains  abstracts  of  papers  read. 

395 Notes  on  the  Triassic  and  Jurassic  strata  of  the  Black  Hills 

of  South  Dakota  and  Wyoming. 
Abstract:  N.  Y.  Acad.  Sci.,  Annals,  vol.  14,  p.  152, 1901. 

396  — -  See  Whitfield  (R.  P.),  822. 

397  Hovey  (Horace  C).    The  lead  and  silver  mines  of  Newbury 

[Massachusetts]. 

Sci.  Am.  Suppl.,  vol.  51,  p.  21284,  1901. 

Contains  notes  on  the  occurrence  of  the  minerals  and  the  geology 
of  the  region. 

398  Howe  (Ernest).     Experiments  illustrating  intrusion  and  erosion. 

U.  8.  Geol.Surv.,2l8t  Ann.  Kept.,  Pt.  Ill,  pp.  291-303,  pis.  xlv-xlvii, 
figs.  100-102,  1901. 

Describes  experiments  illustrating  the  formation  of  laccoliths  and  the 
deformation  of  the  invaded  strata. 

399  Hnbbard  (George  D.).     [Review  of  *'  Preliminary  description  of 

the  geology  and  water  resources  of  the  southern  half  of  the 
Black  Hills  and  adjoining  regions  in  South  Dakota  and 
Wyoming"  by  N.  H.  Darton,  and  ^'The  High  Plains  and 
their  utilization"  by  Willard  D.  Johnson.] 
Jour.  Geol.,  vol.  9,  pp.  732-737,  1901. 

400  Hndson  (Edward  J.),  Mabery  (Charles  H.)  and.     On  the  compo- 

sition of  California  petroleum. 
See  Mabery  (C.  F.)  and  Hudson  (E.  J.),  507. 


401  Ingall  (Elf  ric  Drew).  Section  of  mineral  statistics  and  mines, 
Annual  report  for  1898. 

Can.  Geol.  Surv.,  new  ser.,  vol.  11,  Rept.  S.,  192  pp.,  1901.  Published 
in  1900. 

Contains  statistics  of  production  and  notes  on  the  coal  fields  of  Nova 
Scotia,  Manitoba,  Northwestern  Territories  and  British  Columbia,  and 
on  the  occurrence  of  natural  gas  and  oil  in  Ontario. 
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402  Jaggar  (Thomas  Augustus).     The  laccoliths  of  the  Black  Hills 

[South  Dakota]. 

U.  S.  Geol.  Surv.,  2l8t  Ann.  Kept.,  Pt.  Ill,  pp.  163-290,  pie.  xviii-xH, 
figs.  60-99,  1901. 

Describes  the  occurrence  of  the  sedimentary  and  igneous  rocks,  and 
the  character,  occurrence  and  distribution  of  the  lawolithic  intrusives, 
and  discusses  the  physiographic  form  of  eroded  domes. 

403  Johnson  (D.  W.).     Notes  on  the  geology  of  the  saline  basins  of 

central  New  Mexico. 

Abstract:  N.  Y.  Acad.  Sci.,  Annals,  vol.  14,  pp.  161-162,  1901. 

404  Johnson  (Willard  D.).     The  high  plains  and  their  utilization. 

U.  S.  Geol.  Surv.,  2l8t  Ann.  Rept,  Pt.  IV,  pp.  601-741,  pis.  cxiii-clvi, 
figs.  300-329,  1901. 
Abstract:  Jour.  Geol.,  vol.  9,  pp.  734-737,  1901. 
Discusses  the  origin  and  structure  of  the  region. 

405  Joly  (J.).     An  estimate  of  the  geological  age  of  the  earth. 

Smith.  Inst.,  Ann.  Rept.  1899,  pp.  247-288,  1901. 

406  Jones  (S.  P.).     The  geology  of  the  Tallulah  Gorge  [Georgia]. 

Am.  Geol.,  vol.  27,  pp.  67-75,  pis.  9-11,  figs.  1-3,  1901. 
Describes  the  physiographic  features  of  the  region  and  the  origin  oi 
the  gorge. 

407  Julien  (Alexis  A.).     A  study  of  the  structure  of  fulgurites 

Jour.  Geol.,  vol.  9,  pp.  673-693,  figs.  1-3,  1901. 
Gives  the  results  of  the  study  of  four  fulgurites. 

408 Erosion  by  flying  sand  of  the  beaches  of  Cape  Cod. 

Abstract:  N.  Y.  Acad.  Sci.,  Annals,  vol.  14,  p.  152,  1901. 

409 The  geology  of  central  Cape  Cod  [Massachusetts]. 

Al)stract:  Am.  Geol.,  vol.  27,  p.  44  (i  p.),  1901. 
Contains  notes  on  the  glacial  phenomena  of  the  region. 

410 [Discussion  of  paper  by  J.  F.  Kemp  on    ''The  Cambro- 

Ordovician  outlier  at  Wellstown,  Hamilton  County,  New 
York."] 

Science,  new  ser.,  vol.  13,  p.  710,  1901. 

Discusses  the  origin  of  the  sand  in  the  limestones. 


411  Keith  (Arthur).     Maynardville  folio — Tennessee. 

U.  8.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  Folio  No.  75,  1901. 
Describeti  the  geographic  featurei^,  the  stratigraphy,  the  character  and 
occurrence  of  the  Cambrian,   Silurian,   Devonian,  and   Carlson i fen uis 
rocks,  the  geologic  structure,  and  the  mineral  resources  of  the  region. 
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412  Keith  (Arthur),  Darton  (N.  H.)  and.     Washington  Folio,  Dis- 

trict of  Columbia,  Maryland,  Virginia. 
See  Darton  (N.  H.)  and  Keith  (Arthur),  200. 

413  Kemp  (James  Furman).     The  Albany  meeting  of  the  Geological 

Society  of  America. 

Science,  new  ser.,  vol.  13,  pp.  95-100,  133-139,  1901. 
Contains  abstracts  of  papers  presented. 

414 The  Cambro-Ordovician  outlier    at  Wellstown,    Hamilton 

County,  New  York. 

Abstract:  Science,  new  ser.,  vol.  13,  p.  710,  1901.  N.  Y.  Acad.  Sci., 
Annals,  vol.  14,  p.  103,  1901. 

Contains  brief  description  of  occurrence  of  small  outliers  of  Paleozoic 
strata  within  the  crystalline  area  of  the  region. 

415 [Review  of  "Clays  of  New  York,  their  properties  and  uses  " 

by  Heinrich  Ries.] 
Science,  new  ser.,  vol.  13,  pp.  946-947,  1901. 

416 New  asbestos  region  in  northern  Vermont. 

Abstract:  Science,  new  ser.,  vol.  14,  pp.  773-774,  1901.     N.  Y.  Ac^d. 
Sci.,  Annals,  vol.  14,  p.  140,  1901. 
Describes  the  occurrence  of  asbestos  associated  with  serpentine. 

417 Physiography  of  Lake  George. 

Abstract:  Science,  new  ser.,  vol.  14,  p.  774,  1901.     N.  Y.  Acad.  Sci., 
Annals,  vol.  14,  pp.  141-142,  1901. 
Describes  briefly  the  physiographic  history  of  the  region. 

418 Calculation  of  rock  analyses. 

School  of  Mines  Quart.,  vol.  22,  p.  75,  1901. 
Abstract:  Am.  Nat.,  vol.  35,  p.  947  (i  p.),  1901. 

419 New  asbestos  region  in  northern  Vermont. 

Abstract:  Am.  Geol.,  vol.  28,  p.  330  (j  p.),  1901. 

Abstract  of  paper  read  before  the  N.  Y.  Academy  of  Sciences. 

420 Physiography  of  Lake  George,  New  York. 

Abstract:  Am.  Geol.,  vol.  28,  pp.  331-332,  1901. 

Abstract  of  paper  read  before  the  N.  Y.  Academy  of  Sciences. 

420a Notes  on  the  occurrence  of  asbestos  in  Lamoille  and  Orleans 

counties,  Vermont. 
U.  S.  Geol.  Surv.,  Mm.  Res.  of  U.  S.  for  1900,  pp.  862-860,  1901. 

421 and  Hill  (B.  F.).     Preliminary  report  on  the  pre-Cambrian 

formations  in  parts  of  Warren,  Saratoga,  Fulton,  and  Mont- 
gomery counties.  New  York. 

N.  Y.  State  Muh.,  53d  Ann.  Kept.,  pp.  rl7-r35,  pis.  3-8,  1901. 

Describes  the  local  geology  of  various  townships  of  the  counties  named. 
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422  Keyes  (Charles  R.).     A  depositional  measure  of  uneonformit}'. 

Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  173-196,  pi.  19,  1901. 
Describes  the  development  of  the  Carboniferous  sediments  in  the  Mis- 
sissippi Valley  and  Southwestern  regions. 

423 Origin  and  classification  of  ore  deposits. 

Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  323-356,  1901. 
Discusses  the  nature  of  ore  deposits,  general  methods  of  ore  formation, 
the  classification  of  ore  deposits,  and  certain  other  phases  of  ore  deposits. 

424 Derivation  of   the   terrestrial   spheroid  from  the  rhombic 

dodecahedron. 
Jour.  Geol.,  vol.  9,  pp.  244-249,  1901. 
Discusses  Green's  hypothesis  of  the  tetrahedral  form  of  the  earth. 

425 Composite  genesis  of  the  Arkansas  Valley  through  the  Ozark 

highlands. 

Jour.  Geol.,  vol.  9,  pp.  486-490,  figs.  1-2,  1901. 

Discusses  the  evidences  which  indicate  that  there  has  l)een  but  one 
uplift  in  the  region  and  that  the  river  eroded  its  bed  as  fast  as  the  strata 
were  raised. 

426 [Review  of  *'  Uintacrinus;    its   structure   and   relations  by 

Frank  Springer;  ''Oriskany  fauna  of  Becraft  Mountain" 
by  J.  M.  Clarke;  and  ''Stratigraphical  succession  of  the 
fossil  floras  of  the  Pottsville  formation  in  the  southern 
Anthracite  coal  field"  by  David  White.] 
Jour.  Geol.,  vol.  9,  pp.  539-547,  1901. 

427 [Review  of  "Zinc  and  lead  region  of  north  Arkansas "  by 

John  C.  Branner.] 
Jour.  Geol.,  vol.  9,  pp.  634-636,  1901. 

428 Ore  formation  on  the  hypothesis  of  concentration  through 

surface  decomposition. 

Am.  Geol.,  vol.  27,  pp.  355-362, 1901. 

Discusses  the  evidence  as  to  the  derivation  of  the  lead  and  zinc  ores 
of  the  Ozark  region  and  their  bearing  on  the  origin  of  ore  deposits  in 
general. 

429 Nomenclature  of  the  Cambrian  formations  of  the  St.  Franyois 

Mountains  [Missouri], 
Am.  Geol.,  vol.  28,  pp.  51-53,  1901. 

Discusses  the  validity  of  certain  names  applied  to  the  Cambrian  for- 
mations of  the  region. 

430 [Reviews  of  "Paleozoic  faunas  of  northern  Arkansas "  by 

H.  S.  Williams;  "What  is  an  Echinoderm?"  by  F.  A. 
Bather;  and  *' Structure  and  relations  of  Uintacrinus"  by 
Frank  Springer.] 

Am.  Geol.,  vol.  28,  pp.  254-260,  1901. 
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431  Keyes  (Charles  B.).     A  schematic  standard  for  the  American 
Carboniferous. 
Am.  GeoL,  vol.  28,  pp.  299-305,  fig.  1,  1901. 

Presents  a  general  section  of  the  Carboniferous  of  the  Mississippi  \'al- 
ley  and  discusses  its  correlation  with  other  regions. 

432 [Review  of  '* Geology  of   eastern  Choctaw  coal  field"  by 

J.  A.  Taflf  and  G.  I.  Adams.] 
Am.  GeoL,  vol.  28,  pp.  318-319, 1901. 

433 Time  values  of  provincial  Carboniferous  terranes. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  305-309,  fig.  1,  1901. 
Discusses  the  time  ratios  of  the  several  subdivisions  of  the  Carbon- 
iferous of  the  Mississippi  Valley  region. 

434 Note  on  the  correlation  of  the  Clarinda  well  8e<*tion  with  the 

schematic  section  of  the  Carboniferous. 
Iowa  Geol.  Surv.,  vol.  11,  pp.  461-463,  1901. 
Compares  the  well  section  with  the  general  sec^tion. 

435 A  depositional  measure  of  unconformity. 

Abstract:  Science,  new  ser.,  vol.  13,  pp.  135-136,  1901. 

436  On  a  crinoidal  horizon  in  the  Upper  Carboniferous. 

Science,  new  ser.,  vol.  13,  pp.  915-916,  1901. 

Describes  its  occurrence  and  its  bearing  on  the  stratigraphy  of  the 
Mississippi  Valley. 

437 2ione  of  maximum  ricdness  in  ore  bodies. 

Science,  new  ser.,  vol.  14,  pp.  577-578,  1901. 

Contains  abstracts  of  recent  papers  by  Emmons  and  Weed. 

438 Horizons  of  Arkansas  and  Indian  Territory  coals  compared 

with  those  of  other  trans-Mississippian  coals. 
Eng.  and  Mg.  Jour.,  vol.  71,  pp.  692-693,  2  figs.,  1901. 
Discusses  the  relations  of  the  coal-bearing  horizons  of  the  trans-Mis- 
sissippian region. 

439 The  stratigraphical  location  of  named  tmns-Mississippian 

coals. 
Eng.  and  Mg.  Jour.,  vol.  72,  p.  198,  1901. 
Gives  list  of  geological  formations  and  the  coals  occurring  in  each. 

440 Contiguity  of  ore  deposits  of  different  generic  relationships. 

Abstract:  Eng.  and  Mg.  Jour.,  vol.  72,  pp.  597-598,  1901. 

441 Diverse  origins  and  diverse  times  of  formation  of  the  lead 

and  zinc  deposits  of  the  Mississippi  Valley. 
Mming  and  Metallurgy,  vol.  24,  pp.  715-717,  1901.     (Not  seen.) 
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442  Elindle  (Edward  M.).     The  Devonian  fossils  and  stratigraphy  of 

Indiana. 

Ind.  Dept.  of  Geol.  and  Nat.  Re«.,  25th  Ann.  Kept.,  pp.  529-763,  pis. 
i-xxxi,  1901. 

Reviews  the  nomenclature  of  the  formations  and  describes  the  litho- 
logic;  and  faunal  character  of  many  sections,  and  the  characters  of  a 
large  numl)er  of  fossils  from  the  Devonian  rocks  of  the  State.  Discusses 
the  correlation  of  the  formations. 

443  Kingsley  (J.  S.).     The  origin  of  the  Mammals. 

Science,  new  ser.,  vol.  14,  pp.  193-205,  figs.  A-K,  1901. 

444Knapp  (S.  A.).     Tonopah  [Nevada]. 

Mg.  and  Sci.  Press.,  vol.  82,  p.  231,  1901. 

Describes  occurrence  of  gold  and  silver  at  this  locality. 

445  Knight  (Nicholas).     Some  Iowa  dolomites. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  244-246,  1901. 
Contains  chemical  analyses  of  the  dolomites. 

44C  Knight  (W.  C).     Description  of  Bates  Hole  [Wj^oming]. 

Abstracte:  Jour.  Geol.,  vol.  9,  pp.  70-71,  1901.     Geol.  Soc.  Am.,  Bull., 
vol.  12,  pp.  495-496,  1901. 
Describes  the  physiographic  and  geologic  features  of  the  region. 

447 The  petroleum  fields  of  Wyoming. 

Eng.  and  Mg.  Jour.,  vol.  72,  pp.  358-359,  and  map,  628-630,  4  figs., 
1901. 

Describes  the  geology  and  character  and  occurrence  of  the  oil  in  the 
several  oil-bearing  districts  of  the  State. 

448 The  Sweetwater  mining  district,  Fremont  Coiintv,  Wyoming. 

Wyom.  Univ.,  Stjhool  of  Mines,  35  pp.,  1  map,  1901. 
Describes  occurrence  of  gold  in  this  district. 

449 Geolog}'  of  the  oil  fields  [Wyoming]. 

Wyom.  Univ.,  School  of  Mines,  Bull.  No.  4,  1901.     (Not  seen.) 

460 and  Slosson  (E.  E.).     The  Dutton,  Rattlesnake,  Arago,  Oil 

Mountain,  and  Powder  River  oil  fields  [Wyoming]. 

Wyom.  Univ.,  School  of  Mines,  Pet.  ser..  Bull.  No.  4,  57  pp.,  1  fig., 
2  maps,  1901. 

Describes  the  occurrence  and  character  of  the  oils  in  the  several  dis- 
tricts. 

451 Alkali  lakes  and  deposits  [Wyoming]. 

Wyom.  Univ.,  Exp.  8tat.,  Bull.  No.  49,  123  pp.,  1  map,  1901. 
De8crilK\s  the  character,  occurrence,  and  origin  of  the  deposits  of  con- 
siderable depth. 

452  Knowlton  (Frank  Hall).     [Report  on  the  Clarno  flora,  Oregon.] 
Univ.  of  Cal.,  Dept.  of  (leol.,  Bull.,  vol.  2,  pp.  287-291,  1901. 
Gives  list  of  fossil  plants  collected. 
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453  Knowlton  (Frank  Hall).    [Report  on  the  flora  of  the  Maseall  for- 
mation, Oregon.] 
Univ.  of  Cal.,  Dept  of  Geol.,  Bull.,  vol.  2,  pp.  308-309,  1901. 
Gives  list  of  foesils  collected. 

454 Report  on  fossil  wood  from  the  Newark  formation  of  South 

Britain,  Connecticut, 
r.  S.  Geol.  Surv.,  2l8t  Ann.  Kept.,  Pt.  Ill,  pp.  161-162,  1901. 
Briefly  describes  material. 

455  Kunxnel  (Henry  B.).  Report  on  Portland  cement  industry. 
[New  Jersey.] 

N.  J.  Geol.  Surv.,  Ann.  Kept,  for  1900,  pp.  9-101,  pis.  1-11,  figs.  1-33, 
1901. 

Deecribes  the  composition  of  Portland  cement,  and  the  character  and 
occurrence  of  the  lower  Paleozoic  rocks  from  which  the  materials  are 
derived.     Includes  detailed  descriptions  of  localities. 

456 The  mining  industry.     [New  Jersey.] 

N.  J.  (ieol.  Sur\'.,  Ann.  Rept.  for  1900,  pp.  197-217,  1901. 
Contains  statistics  and  notes  on  iron,  zinc,  and  copper. 

457 and  Weller  (Stuart).     Paleozoic  limestones  of  Kittatiny  Val- 
ley, New  Jersey. 
Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  147-164,  1901. 
Abstract:  Science,  new  ser.,  vol.  13,  p.  134,  1901. 
Describes  the  lithologic  and  faunal  characters  of  the  subdivisions  of 
the  Cambrian  and  Ordovician  series  and  the  structure  of  the  region. 

458  Ktinz  (George  F.).  Des  progres  de  la  production  des  pierres 
pr^cieuses  aux  Etats-Unis. 

Int  Cong.  Geol.,  Compte  Rendu,  viii  session,  pp.  393-395,  1901. 


459  Laflamine  (J.  C.  K.).  Modifications  remarquables  caus^es  a 
I'Embouchere  de  la  Riviere  Ste-Anne  par  Teboulement  de 
S^Alban. 

Can.  Roy.  Soc.,  Proc.  and  Trans.,  new  ser.,  vol.  6,  sect.  4,  pp.  175-177, 
1900. 

460 Eboulement  a  Saiht-Luc-de-Vincennes,  Riviere  Champlain, 

le  21  Septembre,  1895. 

Can.  Roy.  Soc.,  Proc.  and  Trans.,  new  ser.,  vol.  6,  sect.  4,  pp.  179-186, 
1  fig.,  1900. 

4t>l  Lakes  (Arthur).     The  American  Nettie  [Colorado]. 
Mines  and  Minerals,  vol.  21,  pp.  241-245,  5  figs.,  1901. 
Descril)es  the  geology  of  the  region  and  the  occurrence  of  ores  in  cave 
deposits. 

462 ('ripple  Creek  [Coloi-ado]. 

Mines  and  Minerals,  vol.  21,  pp.  276-280,  7  figs.,  11H)1. 
Describes  volcanic  rocks  and  phenomena  of  the  region. 
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463  Lakes  (Arthur).     The  Curtis  coal  mine  [Colorado]. 

Mines  and  Minerals,  vol.  21,  p.  298  (1  p.),  1901. 
Brief  description  of  occurrence  and  character  of  coal  near  ( 'olorado 
Springs. 

404 Cave  ore  deposits  [Colorado]. 

Mines  and  Minerals,  vol.  21,  pp.  333-334,  1  fig.,  1901. 
Describes  character  and  occurrence  of  ore  bodies  in  the  San  Juan 
r^on. 

465 The  Cerrillos  anthracite  mines  [New  Mexico]. 

Mines  and  Minerals,  vol.  21,  pp.  341-342,  1901. 
Describes  character  and  occurrence  of  coal  in  this  region. 

466 A  new  coal  field  [New  Mexico]. 

Mines  and  Minerals,  vol.  21,  pp.  375-376,  2  figs.,  1901. 
Describes  the  geology  of  the  region"'and  the  occurrence  of  coal. 

467 The  turquoise  mines  [New  Mexico]. 

Mines  and  Minerals,  vol.  21,  pp.  395-396,  1901. 
Describes  occurrence  of  turquoise. 

468 Change  of  ore  bodies  with  change  of  country  rock. 

Mines  and  Minerals,  vol.  21,  p.  417, 1901. 

Discusses  some  phenomena  accompanying  ore  deposition. 

469 Peculiar  geological  formations  of  the  Southern  States. 

Mines  and  Minerals,  vol.  21,  p.  430,  1901. 
Contains  notes  on  the  general  geology  of  the  region. 

470 Oil  fields  of  California.    • 

Mines  and  Minerals,  vol.  21,  pp.  467-470,  2  figs.,  1901. 
Describes  the  general  geology  of  southern  California  and  the  occurrence 
of  oil. 

471 Prospecting  for  oil  in  Colorado. 

Mines  and  Minerals,  vol.  21,  pp.  481-483,  4  figs.,  1901. 
Describes  general  geology  and  occurrence  of  oil  in  Colorado. 

472 Building  and  monumental  stones  of  Colorado. 

Mines  and  Minerals,  vol.  22,  pp.  29-30,  5  figs.,  1901. 
Describes  the  general  characters  and  occurrence  of  various  building 
stones. 

473 Sedimentary  building  stones  of  Colorado. 

Mines  and  Minerals,  vol.  22,  pp.  62-64,  5  figs.,  1901. 
Describes  occurrence  and  character  of  building  stones  from  sedimen- 
tary strata. 

474 Petroleum  in  western  North  America. 

Mines  and  Minerals,  vol.  22,  pp.  78-80,  1901. 
Describee  the  occurrence  of  oil  in  this  region. 
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i75  Lakes  (Arthur).     Prospecting  for  oil  in  Colorado. 

Mines  and  Minerals,  vol.  22,  pp.  107-109,  5  figs.,  1901. 
Contains  notes  on  the  occurrence  of  oil. 

476 Oil  springs  of  Rio  Blanco  County,  Colorado. 

Mines  and  Minerals,  vol.  22,  pp.  150-152,  5  figs.,  1901. 
Describes  the  geologic  structure  and  occurrence  of  oil. 

4:77 Some  Idaho  mining  districts. 

Mines  and  Minerals,  vol.  22,  pp.  203-206,  5  figs.,  1901. 
Contains  notes  on  the  geology  of  the  State  and  the  character  and 
occurrence  of  ore  bodies. 

478 The  geological  occurrence  of  oil  in  Colorado. 

Abstract:  Sci.  Am.  Suppl.,  vol.  52,  p.  21505,  1901. 

479  Laxnbe  (L.  M.).     A  revision  of  the  general  and  species  of  Canadian 

Paleozoic  corals.     The  Madreporia  aporosa  and  rugosa. 

Can.  Geol.  Surv.,  Cont.  to  Can.  Paleont.,  vol.  4,  pt  2,  pp.  97-198, 
pis.  6-18,  1901. 

(Not  seen. ) 

480  Lane  (Alfred  C).     Michigan  limestones  and  their  uses. 

Eng.  &  Mg.  Jour.,  vol.  71,  pp.  662-663.  1  fig.,  693-694,  and  725,  1901. 
Describes  the  occurrence,  character  and  uses  of  the  limestones  derived 
from  the  several  geologic  horizons  in  Michigan. 

481  The  pre-Glacial  surface  deposits  of  Lower  Michigan. 

Abstract:  Science,  new  sen,  vol.  14,  pp.  788-799,  1901. 
Describes  briefly  the  drainage  systems  and  the  character  of  the  bed 
rock  material. 

482  Lawson  (Andrew  C).     A  feldspar-corundum  rock  from  Plumas 

County,  California. 

Abstrai't*":  Jour.  Geol.,  vol.  9,  p.  78  (}p.),  1901.  Geol.  Soc.  Am., 
Bull.,  vol.  12,  pp.  501-502  (J  p.),  1901. 

Gives  chemical  analysis  of  the  feldspar. 

483 The  drainage  features  of  California. 

Abstracts:  Jour.  Geol.,  vol.  9,  pp.  77-78, 1901.  Geol.  Soc.  Am.,  Bull., 
vol.  12,  p.  495(1  p.),  1901. 

Discusses  the  causes  which  have  determined  the  drainage  features  of 
the  Coast,  Klamath  and  Sierra  Nevada  ranges. 

484 Joseph  Le  Conte. 

Science,  newser.,  vol.  14,  pp.  273-277,  1  pi.,  1901. 
Gives  a  sketch  of  his  life  and  work. 

484a and  Palache  (Charles).    The  Berkeley  Hills  [California].    A 

detail  of  Coast  Range  geology. 

Univ.  of  Cal.,  Dept.  of  Geol.,  Bull.,  vol.  2,  pp.  349-450,  pis.  10-17,  and 
map,  1901. 

Describes  the  character,  occurrence  and  relations  of  the  formations  of 
the  region,  erosion  intervals,  faults,  and  the  microscopic  characters  of 
.     the  volcanic  rocks. 
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485  Le  Conte  (Joseph).     A  centuiy  of  jir*>^>l^gy- 

Smith  Inst,  Ann.  Kept,  for  1900,  pp.  2(>5-287,  UK)1. 

486  Ledouz  (A.  R.).     Notes  on  the  Oregon  nickel  prospects. 

Can.  Mg.  Rev.,  vol.  20,  pp.  84-85,  1901. 
Can.  Mg.  Inst.,  Jour.,  vol.  4,  pp.  184-189,  1901. 
Describes  the  geological  relations  of  the  ore  Ixxlies  and  gives  a  chem- 
ical analysis  of  the  ore. 

487  Lee  (Willis  T.).     The  Morrison  formation  of  southwestern  Colo- 

rado. 

Jour.  Geol.,  vol.  9,  pp.  343-352,  figs.  1-4,  1901. 

Describes  the  character  and  occurrence  of  the  Jurassic  and  Cretaceous 
strata  of  the  r^on,  and  discusses  the  stratigraphii;  and  paleontologic 
evidences  of  the  age  of  the  Morrison  formation. 

488  L'Hame  (Wm.  E.).     Thunder  Mountain,  Idaho. 

Mines  and  Minerals,  vol.  21,  p.  558,  1901. 
Describes  briefly  occurrence  of  gold  in  the  region. 

489  Leith  (C.  K.).     Summaries    of    current    North    American    pre- 

Cambrian  literature. 
Jour.  Geol.,  vol.  9,  pp.  79-87,  and  441-458,  1901. 

490 Van  Hise  (C.  R.)  and.     The  Mesabi  district. 

See  Van  Hise  (C.  R.),  759. 

491  Leonard  (Arthur  Gray).    The  basic  rocks  of  northwestern  Mary- 

land and  their  relation  to  the  granite. 

Am.  (leol.,  vol.  28,  pp.  135-176,  pis.  15-19,  1901. 
De8(*ril)es  the  geologic  occurrence  and  relations  and   discusses  the 
origin  of  the  various  facies. 

492  LeRoy  (Osmond  Edgar).     Geology  of  Rigaud  Mountain,  Canada. 

Geol.  Soc.  Am.,  Bull,  vol.  12,  pp.  377-394,  pis.  33-34,  1901. 
Abstract:  Science,  new  ser.,  vol.  13,  pp.  136-137,  1901. 
Describes  the  topographic  and  general  geologic  features  of  the  region 
and  the  microscopic  characters  of  the  igneous  nx^ks. 

493  LetBon  (Elizabeth  J.).     Post-Pliocene  fossils  of  the  Niagara  River 

gravels. 

Buffalo  Soc.  Nat.  Sci.,  Bull.,  vol.  7,  pp.  238-252,  figs.  161-190,  1901. 

494  Leverett  (Frank).     Old  channels  of  the  Mississippi  in  southeiist- 

ern  Iowa. 
Annals  of  Iowa,  April,  1901.     (Not  seen.) 

495  Lindgren  (Waldemar).     Metasomatic  processes  in  fissure  veins. 

Am.  Inst.  Mg.  Kngrs.,  Trans.,  vol.  30,  pp.  578-692,  fig.  1-30,  1901. 

Abstract:  Am.  Jour.  Sci.,  3d  ser.,  vol.  11,  pp.  243-244  (}  p.),  liK)l. 

Discusses  the  general  features  of  the  changes  in  rocks  contiguous  to 
ore-bearing  fissures,  and  the  minerals  developed  by  metasomatic  proc- 
esses in  fissure  veins.  Gives  an  account  of  fissure  veins  in  various 
mining  regions  classified  according  to  metasomatic  processes. 
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49t>  liindgren  (Waldemar).     Tria8  in  northeastern  Oregon. 
Abstract:  Science,  new  ser.,  vol.  13,  pp.  270-271,  1901. 
DeBCiibee  briefly  character  and  distribution. 

497 Rare  minerals  in  gold  quartz  veins  of  eastern  Oregon. 

Mg.  and  Sci.  Press.,  vol.  82,  p.  252,  1901. 

Gives  a  chemical  analysis  of  roscoelite  and  not^s  on  other  minerals. 

498  Looxnis  (F.  B.).     On     Jurassic     stratigraphy    in     southeastern 

Wyoming. 

Am.  Mus.  Nat  Hist.,  Bull.,  vol.  14,  pp.  189-197,  pis.  26-27,  1901. 

Describes  the  geologic  structure  of  the  region  and  the  character  of 
the  Jurajssic  and  Cretaceous  sediment  of  the  region. 

499  laoi^  (A.  P.).     Report  on  an  exploration  of  part  of    the  south 

shore  of  Hudson  Strait  and  of  Niagara  Bay  [Canada]. 

Can.  Geol.  Surv.,  new  ser.,  vol.  11,  Rept.  L,  47  pp.,  5  pis.,  1901. 
Published  in  1899. 

Describes  the  physiography  and  crystalline  rocks  of  the  region. 

500  Lo-wry  (J.  D.).     Mining  in  Lower  California. 

Eng.  &  Mg.  Jour.,  vol.  72,  pp.  457-458,  1901. 

Containes  notes  on  the  occurrence  of  gold,  silver,  and  copper  ores. 

501  Lucas  (Frederic  A.).     A  new  rhinoceros,  Trigonias  osborni,  from 

the  Miocene  of  South  Dakota. 
U.  S.  Nat  Mus.,  Proc,  vol.  23,  pp.  221-223,  figs.  1-2,  1901. 

502 A  new  dinosaur,  Stegosaurus  marshi,  from  the  Lower  Creta- 
ceous of  South  Dakota. 
U.  S.  Nat.  Mus.,  Proc.,  vol.  23,  pp.  291-292,  pis.  23-24,  1901. 

503 The  pelvic  girdle  of  Zeuglodon,  Basilosaurus  cetoides(Owen), 

with  notes  on  other  portions  of  the  skeleton. 
U.  S.  Nat.  Mus.,  Proc.,  vol.  23,  pp.  327-331,  pis.  5-7,  1901. 
Includes  section  of  the  Zeuglixion  beds. 

504 A  new  fossil  Cyprinoid,  Leuciscus  turneri,  from  the  Miocene 

of  Nevada. 
U.  S.  Nat.  Mus.,  Proc,  vol.  23,  pp.  333-334,  pie.  8,  1901. 

504a A  flightless  Auk,  Mancalla  californiensis,  from  the  Miocene 

of  California. 
U.  S.  Nat.  Mus.,  Proc.,  vol.  24,  pp.  133-134,  3  figs.,  1901. 

505 Vertebrates  from  the  Trias  of  Arizona. 

Science,  new  ser.,  vol.  14,  p.  376,  1901. 
Describes  briefly  material  recently  collected. 

506  Lyon  (D.  A.).     Serpentine  marbles  of  Washington. 
Mines  and  Minerals,  vol.  21,  p.  349,  1901. 
Describes  the  character  and  occurrence  of  the  serpentine 
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M. 

507  Mabery  (Charles  F.)  and  Hudson  (Edward  J.).     On  the  composi- 
tion of  California  petroleum. 
Am.  Acad.  Arte  and  Sciences,  Proc.,  vol.  36,  pp.  255-283, 1901. 
Gives  resulte  chemical  analyses  of  petrolemn  oil  from  various  parte  of 
California. 

608  McBeth  (W.  A.).     The  development  of  the  Wabash  drainage  sys- 
tem and  the  recession  of  the  ice  sheet  in  Indiana. 
Ind.  Acad.  Sci.,  Proc.  for  1900,  pp.  184-192,  2  figs.,  1901. 
Describes  drainage  and  glacial  phenomena. 

609 A  theory  to  explain  the  western  Indiana  bowlder  belts 

Ind.  Acad.  Sci.,  Proc.  for  1900,  pp.  192-194,  1901. 
Considers  they  were  deposited  by  floating  ice. 

510  Macbride  (Thomas  H.).     Geology  of  Clay  and  O'Brien  counties 

[Iowa]. 

Iowa  Geol.  Surv.,  vol.  11,  pp.  463-497,  figs.  38-39,  and  map,  1901. 

Describes  physiography,  the  occurrence  and  character  of  the  Pleisto- 
cene beds  and  the  occurrence  of  economic  producte. 

511  McCalley  (Henry).    The  Alabama  coal  fields. 

Mines  and  Minerals,  vol.  21,  pp.  446-449,  3  figs.,  1901. 
Describes  the  general  occurrence  and  character  of  the  coal. 

512  McCallie  (S.  W.).     A  preliminary  report  on  the  roads  and  road- 

building  materials  of  Georgia. 

Ga.  Geol.  Surv.  Bull.  8,  264  pp.,  pis.  13-14,  1901.     (Not  seen.) 

513 Some  notes  on  the  trap  dikes  of  Georgia. 

Am.  Geol.,  vol.  27,  pp.  133-134,  pis.  12-14,  1901. 
Describes  the  character  and  occurrence  of  dike  rocks  which  cut  the 
crystalline  rocks. 

514  McCaslin  (D.  S.).     The  geology  of  the  artesian  basin  in  South 

Dakota. 
Minn.  Acad.  Nat.  Sci.,  Bull.,  vol.  3,  pp.  380-388,  1901. 

515  McCormick  (E.).     The  Santa  Fe  mining  district,  Nevada. 

Mines  and  Minerals,  vol.  21,  p.  407  (i  p.),  1901. 
Describes  the  geologic  structure  of  the  region  and  the  occurrence  of 
copper  and  silver  ores. 

516  McEvoy  (James).     Report  on  the  geology  and  natural  resources 

of  the  country  traversed  by  the  Yellow  Head  Pass  route 
from  Edmonton  to  Tete  Jaune  Cache,  comprising  portions 
of  Alberta  and  British  Columbia 

Can.  Geol.  Surv.,  new  ser.,  vol.  11,  Rept  D,  44  pp.,  pi.  2,  1901.  Pub- 
lished in  1900. 

Describes  the  physiography  and  the  general  character  and  occurrenoe 
of  the  Tertiary,  Oretaceous,  Cambrian  and  Archean  rooks  of  the  region. 
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517  McNaim  (W.  Harvey).     On  a  large  phlogopite  crystal. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  p.  398  (J  p.),  1901. 
Briefly  describes  character  and  occurrence. 

518  Malcohnson  (James  W.).     The  Sierra  Mojada,  Coahuila,  Mexico, 

and  its  ore  deposits. 
Eng.  and  Mg.  Jour.,  vol.  72,  pp.  705-710,  figs.  1-5,  1901. 
Contains  notes  on  the  geology  and  ore  bodies  of  the  region. 

519  Manning  (P.  C).     Glacial  potholes  in  Maine. 

Portland  Soc.  Nat.  Hist.,  Proc.,  vol.  2,  pp.  185-200,  pis.  3-4,  1901. 
Describes  the  occurrence  and  character  of  the  potholes  along  the  coast 
of  Maine  and  discusses  the  evidences  indicating  their  origin. 

520  Martin  (Daniel  S.).     pVIinerals  at  Haddam,  Maine.] 

Abstract:  Am.  Geol.,  vol.  27,  p.  44  (6  1.),  1901. 
Mentions  occurrence  of  certain  minerals. 

521 Geological  notes  on  the  neighborhood  of  Buffalo. 

Abstract:  N.  Y.  Acad.  Sci.,  Annals,  vol.  14,  pp.  162-163,  1901. 

522  Martin  (Greorge  Curtis),  Clark  (William  Bullock)  and.     Eocene 
Ekshinerdomata. 
See  Clark  (W.  B.)  and  Martin  (G.  C),  143. 

523 Eocene  MoUuscoidea  (Brachiopoda). 

See  Clark  (W.  B.)  and  Martin  (G.  C),  142. 

524 Elocene  Mollusca. 

See  Clark  (W.  B.)  and  Martin  (G.  C),  141. 

525 The  Eocene  deposits  of  Maryland. 

See  Clark  (W.  B.)  and  Martin  (G.  C),  140. 

526  Martin  (J.  O.).     The  Ontario  coast  between  Fairhaven  and  Sodus 

bays  [New  York]. 
Am.  Geol.,  vol.  27,  pp.  331-334,  pis.  26-27,  1901. 
Describes  the  lake  shore  phenomena  of  the  region. 

527  Bttartin  (K.).     Ueber  Tertiare  fos^len  von  der  Philippinen. 

See  Becker  (George  F.),  50. 

528  Mason  (F.  H.).      Potters  clay  at  Middle  Musquodoboit  [Nova 

Scotia]. 
Can.  Mg.  Rev.,  vol.  20,  pp.  175-176,  1  fig.,  1901. 
Describes  occurrence  and  chemical  character  of  the  material. 

529  Matthew  (George  F.).     Preliminarj'  notice  of  the  Etcheminian 

fauna  of  Newfoundland. 

New  Brunswick  Nat.  Hist  Soc.,  Bull.,  vol.  4,  pp.  18t^l96,  pis.  i-iii, 
1899. 

Contains  descriptions  of  several  new  species. 
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530  Matthew  (George  F.).  Preliminary  notice  of  the  Etcheminian 
fauna  of  Cape  Breton. 

New  Brunswick  Nat.  Hist.  Soc.,  Bull.,  vol.  4,  pp.  19a-208,  pis.  i-iv, 
1899. 

Abstracts:  Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  p.  396  (J  p.).  1901;  Am. 
Geol.,  vol.  27,  p.  49  (J  p.),  1901. 

531 Acrothyra  and  Hyolithes — a  comparison. 

Can.  Roy.  Soc,  Proc.  and  Trans.,  vol.  7,  sect.  4,  pp.  93-106,  1901. 
(Not  seen.) 
Abstract:  Science,  new  ser,,  vol.  13,  p.  1018  (i  p.),  1901. 

532 Hyolithes  gracilis,  and  related  forms  from  the  Lower  Cam- 
brian of  the  St.  John  group. 

Can.  Roy.  Soc.,  Proc.  and  Trans.,  vol.  7,  sect.  4,  pp.  109-111,  1901. 
( Not  seen. ) 

533 [Devonian  of  the  Acadian  provinces.] 

Can.  Rec.  Sci.,  vol.  8,  pp.  344-345,  1901. 
Discusses  recent  papers  by  David  White. 

534 [Review  of  "Beitrage  zur  Kenntniss  des  Siberischen  Cam- 

brium  I,"  by  E.  von  Toll.] 
Am.  Geol.,  vol.  27,  pp.  54-66,  1901. 

535 Are  the  St.  John  plant  beds  Carboniferous? 

Am.  Geol.,  vol.  27,  pp.  383-386,  1901. 

Discusses  the  stratigraphic  and  faunal  evidences  of  the  age  of  the  beds. 

536 Les  plus  anciennes  faunes  Paleozoiques. 

Int.  Cong.  Geol.,  Compte  Rendu,  viii  session,  pp.  313-316,  1901. 
Gives  a  r^fium6  of  what  is  known  regarding  the  earliest  faunas  of  east- 
em  Canada. 

537 A  backward  step  in  Paleobotany. 

Abstract:  Science,  new  ser.,  vol.  13,  p.  1019  (i  p.),  1901. 
Paper  read  before  the  Royal  Society  of  Canada. 

538  Matthew  (W.  D.).     Additional  observations  on  the  Creodonta. 

Am.  Mus.  Nat.  Hist.,  Bull.,  vol.  14,  pp.  1-38,  figs.  1-17,  1901. 
Discusses  the  classification  of  the  group  and  revision  of  genera. 

539  Mayer  (Alfred  Goldsborough).     [Review  of  "The  variations  of  a 

newly  arisen  species  of  Medusa."] 
Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  p.  473  (J  p.),  1901. 

540  Mead  (J.  R.).    The  Flint  Hills  of  Kansas. 

Kans.  Acad.  Sci.,  Trans.,  vol.  17,  pp.  207-208,  1901. 
Discusses  the  origin  of  these  hills. 

541  Memminger  (C.  G.).     Progress  in  the  phosphate  mining  industry 

of  the  United  States  during  1900. 
Min.  Ind.  for  1900,  pp.  5i:{-618,  1901. 
Describes  occurrence  of  phosphate  in  several  States. 
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542  Merriam  (John  C).  A  contribution  to  the  geology  of  the  John 
Day  basin  [Oregon]. 

Univ.  of  Cal.  Dept.  of  Geol.,  Bull.,  voL  2,  pp.  269-314,  pis.  6-8,  fig.  1, 
1901. 

GiveH  a  sketch  of  previous  explorations  and  literature  of  the  region, 
and  describes  the  classification,  character,  occurrence,  relations,  and 
faunas  of  the  Cretaceous,  Tertiary,  and  Pleistocene  strata. 

543 A  geological  section  through  the  John  Day  basin  [Oregon]. 

Al>8tracts:  Jour.  (Teol.,  vol.  9,  pp.  71-72,  1901;  Geol.  Soc.  Am.,  Bull., 
vol.  12,  pp.  496-497,  1901. 

Describes  the  character  and  occurrence  of  the  John  Day  beds  and  the 
associated  strata. 

644  Merrill  (George  P.).  The  Department  of  Geology  in  the  National 
Museum. 

Am.  Geol.,  vol.  28,  pp.  107-123,  pis.  10-14,  1901. 

(lives  an  accoimt  of  the  methods  employed  in  caring  for  and  render- 
ing available  to  students  the  materials  in  charge  of  this  department  of 
the  Museum,  and  in  displaying  the  same  for  the  benefit  of  the  public. 

544a On  a  stony  meteorite  which  fell  near  Felix,  Perry  County, 

Alabama,  May  15,  1901. 
U.  S.  Nat.  Mus.,  Proc,  vol.  24,  pp.  193-198,  pis.  xiii-xiv,  1901. 

545 Guide  to  the  study  of  the  collections  in  the  section  of  applied 

geology — the  nonmetallic  minerals  [U.  S.  National  Museum]. 

U.  S.  Nat.  Mus.,  Ann.  Kept,  for  1899,  pp.  156-483,  pis.  1-30,  figs.  1-13, 
1901. 

Describes  the  character,  occurrence,  and  uses  of  the  nonmetallic 
mmerals. 

546 and  Stokes  (H.  N.).     A  new  stony  meteorite  from  Allegan, 

Michigan,  and  a  new  iron  meteorite  from  Mart,  Texas. 
Wash.  Acad.  Sci.,  Proc.,  vol.  2,  pp.  41-68,  6  pis.,  1900. 
Describes  the  occurrence,  characters,  and  chemical  composition  of  the 
material. 

547  Miller  (Arthur  M.).     Preglacial  drainage  in  southwestern  Ohio. 

Science,  new  ser.,  vol.  14,  pp.  534-535,  1  fig.,  1901. 

548  Miller  (B.  L.).     Geology  of  Marion  County  [Iowa]. 

Iowa  Geol.  Surv.,  vol.  11,  pp.  130-197.  pi.  5,  figs.  9-12  and  map,  1901. 
Describes  the  physiography,  the  character  and  occurrence  of  the  Gir- 
boniferous  and  Pleistocene  deposits  and  the  occurrence  of  coal. 

549  Miller  (Gerrit  S. ,  jr.).    Preliminary  list  of  mammals  of  New  York* 

N.  Y.  State  Mus.,  53rd  Ann.  Kept.,  vol.  1,  pp.  267-390,  1901. 
Contains  list  of  foasil  species. 

550  Miller  (Willet  G.).     On  some  newly  discovered  areas  of  nephe- 

line  syenite  in  central  Canada. 
Am.  Geol.,  vol.  27,  pp.  21-25,  1901. 
Describes  character  and  occurrence  in  Ontario. 
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561  Miller  (Willet  G.).     Iron  ores  of  Nipissin^  district  [Ontario]. 

Ontario  Bureau  of  Mines,  Rept.  for  1901,  pp.  160-180,  pis.  21-24,  2 
figs.,  1901. 

Describes  the  physiography  of  the  region  and  the  ofcurrentre  and 
character  of  the  iron  ores  in  Huronian  rocks. 

652 The  iron  ore  fields  of  Ontario. 

Can.  Mg.  Rev.,  vol.  20,  pp.  151-158,  3  figs.,  1901;  Can.  Mg.  Jour.,  ^1. 
4,  pp.  265-283,  3  figs.,  1901. 

Contains  notes  on  the  occurrence  and  character  of  iron  ore  deiiosits 
in  Ontario. 

653  Miller  (W.  W.  jr.;.  Analysis  of  emeiy  from  Virginia. 
Abstract:  Am.  Geol.,  vol.  27,  pp.  314-315  (J  p.),  1901. 

654 Examination  of  sandstone  from  Augusta  County,  Virginia. 

Abstract:  Am.  Geol.,  vol.  27,  p.  315  (i  p.),  1901. 

665 Analysis  of  smithsonite  from  Arkansas. 

Abstract:  Am.  Geol.,  vol  27,  p.  315  (i  p.),  1901. 

566  Montgomery  (Thomas  H.).     Missing  links. 

Sci.  Am.  Suppl.,  vol.  52,  pp.  21732-21734,  1901. 

Abstract  of  lecture  delivered  at  the  Wagner  Institute,  Philadelphia, 
Pennsylvania. 

667  Morgaxiroth  (L.  C).     The  caves  of  Huntington  County  Pennsyl- 

vania. 
Eng.  and  Mg.  Jour.,  vol.  71,  p.  664  (i  p.),  1901. 
Describes  the  charact*^r  of  the  cave. 

668  Moses  (A.  J.).     Mineralogical  notes. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  98-106,  figs.  1-6,  1901. 
Describes  crystallographic  characters  of  i)ectolite,  atacamite,  realgar, 
vesuvianite,  chrysoberyl,  and  pyroxene. 

N. 

669  Nansen  (Fridtjof).      The   Norwegian   North   Polar  ex]>edition, 

1893-1896. 

Scientific  result*",  vols.  1-2,  1901.  Ix>ngmans,  (ireen  &  Co.,  London, 
New  York,  liK)l. 

Review:  Jour.  (Jeol.,  vol.  9,  pp.  273-275,  1901. 

660  Nason  (Frank  L.).    On  the  presence  of  a  limestone  conglomerate 
in  the  lead  region  of  St.  Francois  County,  Missouri. 
Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  p.  396  (J  p.),  1901. 
Brief  note  announcing  discovery  of  limestone  conglomerate  between 
the  St.  Jow»ph  or  Bonne  Terre  limeptone  and  the  Potosi  in  Missouri. 

661 The  geological  relations  and  the  age  of  the  St.  Joseph  and 

Potosi  limestones  of  St.  Franyois  County,  Missouri. 
Am.  Jour.  Sci.,  4th  ser.,  vol,  12,  i>p.  358-361,  1901. 
Descriln^s  oocurren<'t'  of  a  conglomerate  between  tlie  two  formations 
and  gives  a  columnar  section. 
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562  Nason  (Frank  L.).     The  origin  of  vein  cavities. 

Eng.  and  Mg.  Jour.,  vol.  71,  pp.  177-179,  209-210,  1901. 
Diflcusses  the  origin  of  these  vein  phenomena. 
568  Nevins  (J.  N.).     Rooting  slate  quarries  of  Washington  County 
[New  York]. 

N.  Y.  State  Mils.,  53d  Ann.  Kept.,  vol.  1,  pp.  rl35-rl50,  pie.  26-37, 
1901. 
Describes  the  slates  of  the  various  quarries. 

564 Emery  mines  of  Westchester  County  [New  York], 

N.  Y.  State  Mus.,  53d  Ann.  Rept,  vol.  1,  pp.  rl51-rl54,  pis.  38-41, 
1901. 

565  Newland  (D.  H.).     The  serpentines  of  Manhattan  Island  and 

vicinity  and  their  accompanying  minerals. 

School  of  Mines  Quart.,  vol.  22,  pp.  307-317,  399-410,  figs.  1^,  1901. 

Describes  the  microscopic  and  chemical  characters  of  the  serpentines 
and  the  minerals  associated  with  them.  Discusses  origin  of  the  serpen- 
tines. 

566  Nichols  (Henry  W.).     Nitrates  in  cave  earths. 

Jour.  Geol.,  vol.  9,  pp.  236-243,  1901. 

Abstract:  Am.  Geol.,  vol.  28,  p.  58  (i  p.),  1901. 

Reviews  paper  by  William  H.  Hess  on  the  same  subject,  gives  a 
number  of  analyses  of  soil,  limestone,  and  cave  earth  and  discusses  the 
origin  of  the  nitrates. 

567  Nicolson  (J.  T.),  Adams   (Frank  D.),  and.     An  experimental 

investigation  into  the  flow  of  marble. 
See  Adams  (F.  D.)  and  Nicolson  (J.  T.),  5. 

568  Norton  (William  Harmon).     Geology  of  Cedar  County  [Iowa]. 

Iowa  Geol.  Surv.,  vol  11,  pp.  282-396,  pis.  7-12,  figs.  16-27,  and  maps, 
1901. 

Describes  the  physiographic  and  drainage  features,  the  character  and 
occurrence  of  the  Silurian,  Devonian,  and  Pleistocene  deposits  and  the 
occurrence  of  economic  products. 

569 The  relation  of  physical  geography  to  other  science  subjects. 

Science,  new  ser.,  vol  14,  pp.  205-210,  1901. 

570  Nutter  (Edward  Hoit).     Sketch  of  the  geology  of  the  Salinas 

Valley,  California. 

Jour.  Geol.,  vol.  9,  pp.  330-336,  8  figs.,  1901. 

Describes  the  formation  of  the  valley  and  thecharactt^r  and  occurrence 
of  the  Tertiary  strata  which  were  laid  down  in  this  trough. 

571  Nylander  (Olof  O.).     Shells  of  the  marl  deposits  of  Aroostook 

County,  Maine,  as  compared  with  the  living  forms  in  the 
same  locality. 

Nautilus,  vol.  14,  pp.  101-104,  1901. 

Gives  list  of  fossils  determined. 
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672  Obalski  (J.).     Notes  on  the  magnetic  iron  sand  of  the  north  shore 
of  the  St.  Lawrence  [Canada]. 
Can.  Mg.  Rev.,  vol.  20,  pp.  34-37,  1  fig.,  1901. 
Can.  Mg.  Inst.  Jour.,  vol.  4,  pp.  91-98,  1  fig.,  1901. 
Gives  chemical  analyses  of  the  sand  and  describes  its  distribution. 

573  Ordo&ez  (Ezequiel).     Las  rhyolitas  de  Mexico.     I. 
Mexico  Inst.  Geol.,  Bull.  No.  14,  75  pp.,  5  pis.,  1900. 
Bull.  No.  15,  76  pp.,  pis.  1-11,  1901. 

Describes  the  macroscopic  and  microscopic  characters  of  the  rhyolites 
and  their  distribution. 

574 La  industria  minera  en  Mexico. 

Ciencia  y  Arte,  Mexico,  19  pp.,  1901.     (Not  seen.) 

575 The  mining  district  of  Pachuca,  Mexico. 

Eng.  and  Mg.  Jour.,  vol.  72,  pp.  719-721,  1901. 

Contains  notes  on  the  geology  and  mineralization  of  the  region. 

576  Ortmann  (Arnold  E.).    The  theories  of  the  origin  of  the  Antarctic 

faunas  and  floras. 
Am.  Nat.,  vol.  35,  pp.  1.39-142,  1901. 
Reviews  the  literature  on  the  subject. 

577  Orton  (Edward).     Petroleum  and  natural  gas  in  New  York. 

N.  Y.  State  Mus.,  53d  Ann.  Rept.,  vol.  1,  pp.  391-526,  3  maps,  1901. 
See  Bull.  U.  S.  Geol.  Surv.,  No.  188,  Orton  No.  4172. 

578  Osbom  (Henry  Fairfield).    The  recent  progress  of  vertebrate 

paleontology  in  America. 
Science,  new  ser.,  vol.  13,  pp.  45-49,  1901. 
Abstract  of  lecture  delivered  at  Trinity  College,  Hartford,  Conn. 

579 Recent  zoo-paleontology. 

Science,  new  ser.,  vol.  14,  pp.  330-331,  1901. 

Contains  notes  on  papers  relating  to  the  John  Day  beds  and  to  the 
Kansas  chalk. 

580 [Review  of  ''Diplodocus  Marsh.     Its  osteology,  taxonomy, 

and  probable  habits,  with  the  restoration  of  the  skeleton" 
by  J.  B.  Hatcher.] 
Science,  new  ser.,  vol.  14,  pp.  531-532,  1901. 

581 Recent  zoo-paleontology. 

Science,  new  ser.,  vol.  14,  pp,  699-700,  1901. 

Reviews  Wortman's  M'ork  on  the  Camivora  and  Gidley's  work  on 
Pleistocene  horses. 

582 Des  m^thodes  precises  mises  actuellcment  en  oeuvere  dans 

r^tude  des  vert^br<5s  fossiles  des  jfitats-Unis  d'Am^rique. 

Int.  Cong.  Geol.,  Compte  Rendu,  viii  session,  i)p.  353-356,  pis.  i-ii, 
1901. 
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583  Osbom  (Henry  Fairfield).     Correlation  des  horizons  de  mammi- 
feres  Tertiaires  en  Europe  et  en  Am^rique. 
Int  Cong.  Geol.,  Compte  Rendu,  viii  eeasion,  pp.  357-363,  1901. 

584 Systematic  revision  of  the  American  Eocene  primates  and 

of  the  rodent  family  Myxodectidae. 
Abetract:  N.  Y.  Acad.  ScL,  Annals,  vol.  14,  p.  Ill,  1901. 

585 and  Ghianger  (Walter).     Fore  and  hind  limbs  of  Sauropoda 

from  the  Bone  Cabin  quarry  [Wyoming]. 
Am.  Mus.  Nat.  Hist,  Bull.,  vol.  14,  pp.  199-208,  figs.  1-6,  1901. 

P. 

585a  Palache  (Charles),  Lawson  (Andrew  C),  and.    The  Berkeley 
Hills  [California].     A  detail  of  Coast  Range  geology. 
See  LawBon  (A.  0.)  and  Palache  (C),  485a. 

586  Farkiiison  (John).  The  hollow  spherulites  of  the  Yellowstone 
and  Great  Britain. 

Lond.  Geol.  Soc.,  Quart.  Jour.,  vol.  57,  pp.  211-225,  pi.  8,  figs.  1-4, 
1901. 

Describes  the  author' h  olieervations  in  the  Yellowstone  region  and 
discusses  the  origin  of  spherulites. 

587 Some  lake  basins  in  Alberta  and  British  Columbia. 

Geol.  Mag.,  new  sen,  dec.  iv,  vol.  8,  pp.  97-101,  pi.  4,  1901. 
Describes  the  physiography  of  the  region  and  the  character  of  the 
lake  basins. 

588  Fatton  (H.  B.).     Abstracts  of  papers  read  before  Section  E  of  the 

American  Association   for  the  Advancement  of  Science, 
August  26-29,  1901. 
Science,  new  ser.,  vol.  14,  pp.  794-800,  1901. 

589  Fearson  (H.  W.).     Oscillations  in  the  sea-level. 

Geol  Mag.,  new  sen,  vol.  8,  pp.  167-174,  223-231.  253-265,  1901 
Ck>ntains  discussions  of  certain  ob8er\ation8  in  North  America. 

590  Feck  (F.  B.).     Preliminary  notes  on  the  occurrence  of  serpentine 

and  talc  at  Easton,  Pa. 

N.  Y.  Acad.  Sci.,  Annals,  vol.  13,  pp.  419-430,  pi  16,  figs.  4-5,  1901. 

Describes  the  general  geology  and  structure  ot  the  region  and  the 
occurrence  of  the  crystalUne  rocks  and  the  alteration  products. 

591  Feckham  (Herbert  E.).     On  the  bituminous  deposits  situated  at 

the  south  and  east  of  Cardenas,  Cuba. 
Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  33-41,  figs.  1-2,  1901. 
Describes  the  occurrence  and  extent  of  these  bituminous  deposits. 

592  Feckham  (S.  F.).     [Remarks  on  paper  by  Herbert  E.  Peckham 

on  the  bituminous  deposits  near  Cardenas,  Cuba.J 
Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  p.  41  (J  p.),  1901. 
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693  Fenfield  (Samuel  L.).   On  the  chemical  composition  of  childrenite. 
Yale  Bicentennial  publit^tione.     Cont.  to  MineraL  and  Petrog.,  pp. 
124-125,  1901.     (From  Am.  Jour.  Sci.,  vol.  18,  pp.  315-316,  1880.) 

594 On  the  chemical  composition  of  amblygonite. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog.,  pp. 
121-123,  1901.     (From  Am.  Jour.  Sci.,  vol.  18,  pp.  295-301,  1879.^ 

595 On  spangolite,  a  new  copper  mineral. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog.,  pp. 
168-175,  1901.     (From  Am,  Jour.  Sci.,  vol.  39,  pp.  370-378,  1890.). 

596 On  pearcite,  a  sulpharsenite  of  silver. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog.,  pp. 
252-260,  1901.     (From  Am.  Jour.  Sci.,  vol.  2,  pp.  17-20,  1896.) 

597 On  the  chemical  composition  of  hamlinite  and  its  occurrence 

with  bertrandite  at  Oxford  County,  Maine. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog.,  pp. 
287-290,  1901.     (From  Am.  Jour.  Sci.,  vol.  4,  pp.  313-316,  1897.) 

51)8  —    and  Foote  (H.  W.).     On  bixbyite,  a  new  mineral. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog.,  pp. 
283-286,  1901.     (From  Am.  Jour.  Sci.,  vol.  4,  pp.  ia5-107,  1897.) 

599 On  clinohedrite,  a  new  mineral  from  Franklin,  N.  J. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog.,  pp. 
291-296,  1901.     (From  Am.  Jour.  Sci.,  vol.  5,  pp.  289-293,  1898.) 

600 and  Ford  (W.  E.).     On  calaverite. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  225-245,  figs.  1-30,  1901. 
Describes  occurrence  and  crystal lographic  characters  of  the  material. 

601 and  Firsson  (L.  V.).  Contributions  to  mineralogy  and  pet- 
rography, from  the  laboratories  of  the  Sheffield  Scientific 
School  of  Yale  University. 

Yale  Bicentennial  publications.  August,  1901,  482  pp.,  Charles 
Scribner*8  Sons,  New  York. 

Abstracts:  Am.  (Jeol.,  vol.  28,  pp.  322-323,  1901.  Am.  Jour.  Sci.,  4th 
ser.,  vol.  12,  pp.  398  (J  p.),  1901. 

602  —  and  Fratt  (J.  H.).  On  the  occurrence  of  thaumasite  at  West 
Paterson,  New  Jersey. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog.,  pp. 
246-251,  1901.     (From  Am.  Jour.  Sci.,  vol.  1,  pp.  229-233,  1896.) 

603 and  Warren  (C.  H.).     Some  new  minerals  from  the  zinc 

mines  at  Franklin,  M.  J.,  and  note  concerning  the  chemical 
composition  of  ganomalite. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog.,  pp. 
325-342,  1901.     (From  Am.  Jour.  Sci.,  vol.  8,  pp.  339-353,  1899.) 
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604  PenhalloiT^  (D.  P.).     Notes  on  the  North  American  species  of 
Dadoxylon,  with  special  reference  to  type  material  in  the 
collections  of  the  Peter  Redpath  Museum,  McGill  College 
Can.  Roy.  Soc.,  Proc.  &  Trans.,  2nd  ser.,  vol.  6,  sect.  4,  pp.  51-97, 
figs.  1-18,  1900. 

605 A  decade  of  North  American  Paleobotany,  1890-1900. 

Science,  new  ser.,  vol.  13,  pp.  161-176,  1901. 

Presidential  address  before  the  Society  of  Plant  Morphology  and 
Physiology. 

606 [Review  of  "Studies  in  fossil  botany,"  by  D.  H.  Scott.] 

Science,  new  ser.,  vol.  13,  pp.  386-389,  1901. 

607 [Review  of  "The  Mesozoic  flora  of  the  United  States,"  by 

L.  F.  Wardetal.] 
Science,  new  ser.,  vol.  13,  pp.  904-906,  1901. 

608  PhilUps  (William  Battle).    Texas  petroleum. 

Texas  Univ.  Min.  Surv.,  Bull.  No.  1,  pp.  1-102, 1901. 
Describes  the  nature  and  origin  of  petroleum  and  the  oil  and  gas- 
bearing  horizons  of  Texas. 

(>09 The  Beaumont  oil  field,  Texas. 

Eng.  &  Mg.  Jour.,  vol.  71,  pp.  175-176, 1901. 
Contains  notes  on  the  geology  of  the  region. 

610 The  zinc-lead  deposits  of  southwest  Arkansas. 

Eng.  and  Mg.  Jour.,  vol.  71,  pp.  431-132,  1901. 

Contains  brief  notes  on  the  character  and  occurrence  of  the  ore 

611 The  bat  guano  caves  of  Texas. 

Mines  and  Minerals,  vol.  21,  pp.  440-442,  6  figs.,  1901. 
Describes  occurrence  and  chemical  character  of  the  material. 

612  Pierce  (S.  J.).     The  Cleveland  water-supply  tunnel  [Ohio]. 

Am.  Geol.,  vol.  28,  pp.  380-385,  1901. 

Describes  the  quicksands  and  clays  and  other  material  penetrated  in 
driving  this  tunnel. 

613  Filsbry  (Henry  A.).     Crustacea  of  the  Cretaceous  formation  of 

New  Jersey. 
PhU.  Acad.  Nat.  ScL,  Proc.,  1901,  pp.  111-118,  pi.  1,1901. 

614PirsBOii  (Louis  v.).  [Review  of  ''Geological  and  Natural  His- 
tory of  Minnesota,  Vol.  V;"  and  "£tude  min^ralogique  et 
petrographique  des  Roches  gabbroTques  de  I'Etat  de  Min- 
nesota, Etats-Unis,  et  plus  sp^cialement  des  Anorthosites," 
by  A.  N.  WinchelL] 
Am.  Jour.  Sd.,  4th  ser.,  vol.  11,  pp.  88-89,  1901. 
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615  Firsson  (Louis  V.).     On  mordenite. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog., 
pp.  176-182,  1901.     (from  Am.  Jour.  Sci.,  vol.  40,  pp.  232-237,  1890) 

616 On   the  petrography  of    Square   Butte  in  the  Highwood 

Mountains  of  Montana. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog., 
pp.  415-435,  1901.  (from  Geol.  Soc.  Am.,  Bull.,  vol.  6,  pp.  389-422, 
1895) 

617 Petrogi*aphy  of  the  rocks  of  Yogo  Peak  [Montana]. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog., 
pp.  436-456,  1901.  (abstract  from  U.  S.  Geol.  Surv.,  20th  Ann.  Rept, 
pt.  Ill,  pp.  471-188,  1900) 

617a Fenfield  (Samuel  L.)  and.     Contributions  to  mineralogy 

and  petrography,  from   the  laboratories  of  the  Sheffield 
Scientific  School  of  Yale  University. 
See  Penfield  (S.  L.)  and  Pirsson  (L.  V.),  601. 

618 Weed  (Walter  H.)  and.     Missourite,  a  new  leucite  rock 

from  the  Highwood  Mountains  of  Montana. 
See  Weed  (Walter  H.)  and  Pirsson  (Louis  V.),  799. 

619 Geology  of  the  Shonkin  sag  and  Palisade  Butte  lacco- 
liths in  the  Highwood  Mountains  of  Montana. 
See  Weed  (W.  H.)  and  Pirsson  (L.  V.),  798, 

620  Pompecky  (J.  F.).    Jura-fossllien  aus  Alaska. 

Verbandl.  Kaia.  Russ.,  Mineralog.  Gesell.,  St.  Petersbouiig,  ser.  2, 
Band.  38,  No.  1,  1900.     (Not  seen.) 
Abstract:  Am.  Nat.,  vol.  35,  pp.  420-421,  1901. 

621  Pratt  (Joseph  Hyde).     A  peculiar  iron  of  supposed  meteoric 

origin  from  Davidson  County,  North  Carolina. 
Elisha  Mitchell  Sci.  Soc.,  Jour.,  17th  year,  pt.  2,  pp.  21-26,  1901. 
Describes  character  of  the  material  and  gives  chemical  analysis. 

622 The  occurrence  and  distribution  of  corundum  in  t'le  United 

States. 
U.  S.  Geol.  Surv.,  Bull.  No.  180,  pp.  1-98,  pis.  i-xiv,  figs.  1-14,  1901. 
Describes  the  modes  of  occurrence  and  distribution  of  corundum 
and  the  corundum  localities  in  the  United  States. 

623 On  northupite;  pirssonite,  a  new  mineral;  gay-lussite  and 

hanksite  from  Borax  Lake,  San  Bernardino  County,  Cali- 
fornia. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog., 
pp.  261-274,  1901.     (from  Am.  Jour.  Sci.,  vol.  2,  pp.  128-136,  1896) 

624 and  Foote  (H.  W.).    On  wellsite,  a  new  material. 

Yale  Bicentennial  publications.  Cont.  to  Muieral.  and  Petrog., 
pp.  276-282,  1901.     (from  Am.  Jour.  Sci.,  vol.  3,  pp.  443-448,  1897) 
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625  PraU  (Joseph  Hyde)  and  Fenfield  (S.  L.).     On  the  occurrence  of 

thauniasite  at  West  Paterson,  New  Jersey. 
See  Penfield  (S.  L.)  and  Pratt  (J.  H.),  602. 

626  Preston  (C.  H.).     Prof.  W.  II.  Barris. 

Am.  Geol.,  vol.  28,  pp.  358-361,  pi.  33,  1901. 

Gives  a  sketch  of  his  life  and  work  on  the  jmleontology  of  Iowa. 

627  Price  (J.  A.)  and  Shaaf  (Albert).     Spy  Run  and  Poinsett  lake 

bottoms  [Indiana]. 
Ind.  Acad.  Sci.,  Proc.  for  1900,  pp.  179-181,  1901. 
De8cril)es  glacial  phenomena. 

628 Abandoned  meanders  of  Spy  Run  Creek  [Indiana]. 

Ind.  Acad.  Sci.,  Proc.  for  1900,  pp.  181-184,  1  fig.,  1901. 
Describes  its  drainage  modifications. 

629  Prosser  (Charles  S.).    The  classification  of  the  Waverly  series  of 
Centml  Ohio. 
Jour.  Geol.,  vol.  9,  pp.  205-231,  figs.  1-4,  1901. 

Reviews  the  various  classifications  of  this  series  that  have  been  pub- 
lished, describes  the  character  and  occurrence  of  the  strata,  and  gives 
the  author's  classification. 

630 [On  the  use  of  the  term  Bedford  limestone.] 

Jour.  Geol.,  vol.  9,  pp.  270-272,  1901. 

Reviews  an  article  by  C.  E.  Siebenthal  on  the  same  subject  and  con- 
siders the  name  Bedford  as  applied  in  Ohio  should  be  accepted. 

631 The  Paleozoic  formations  of  Allegany  County,  Maryland. 

Jour.  Geol.,  vol.  9,  pp.  409-429,  figs.  1^,  1901. 

Describes  the  character  and  occurrence  of  the  various  Paleozoic  forma- 
tions and  discusses  their  probable  correlations  with  New  York  and 
Pennsylvanian  formations. 

632 Names  for  the  formations  of  the  Ohio  Coal  Measures. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  191-199,  1901. 

Reviews  previous  classification  and  nomenclature  of  the  <3oal  Meas- 
ures of  Pennsylvania  and  West  Virginia  and  presents  a  section  and  the 
classification  of  the  Coal  Measures  of  Maryland,  which  has  been  adopted 
for  the  Ohio  Coal  Measures. 

633  Purdue  (A.  H.).     Valleys  of  solution  in  northern  Arkansajs. 
Jour.  Geol.,  vol.  9,  pp.  47-50,  figs.  1-2,  1901. 

Describes  the  character  and  occurrence  of  these  valleys  and  discusses 
their  origin. 

634 niustrated  note  on  a  miniature  overthrust  fault  and  anticline. 

Jour.  Geol.,  vol.  9,  pp.  341-342,  1  fig.,  1901. 

Describes  a  miniature  anticline  passing  into  a  reversed  ^ult  at 
Ozark,  Ark. 

635  -- —  Physiography  of  the  Boston  Mountains,  Arkansas. 
Jour.  Geol.,  vol.  9,  pp.  694-701,  figs.  1-2,  1901. 
Abstract:  Sci.  Am.  Suppl.,  vol.  52,  p.  21505,  1901. 
Describes  the  structural  and  topographic  features  of  the  region. 
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636  Furington  (Chester  Wells).     Ekjonomic  theology.     La  Plata  Folio, 
Colo. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  IT.  S.,  Folio  No.  60,  1899. 
Describes  the  vein  systems,  the  occurrence  of  gold  and  silver  ores,  the 
placer  deposits,  and  the  occurrence  of  coal. 


637  Queneau  (A.  J.).     The  grain  of  igneous  rocks. 

Abstract:  N.  Y.  Acad.  Sii.,  Annals,  vol.  14,  p.  163,  1901. 

R. 

638  Randolph  (Beverley  S.).     [In  discussion  of  paper  by  Charles  Cat- 

letton,  "Coal  outcrops."] 
Am.  Inst.  Mj?.  Engrs.,  Trans.,  vol.  30,  pp.  1005-1006,  1901. 

639  Ransome  (Frederick  Leslie).     A  report  on  the  economic  geology 

of  the  Silverton  quadrangle,  Colorado. 

U.  S.  Geol.  Surv.,  Bull.  No.  182,  pp.  1-265,  pis.  i-xvi,  figs.  1-23, 1901. 

Describes  the  lode  fissures,  the  characters  of  the  ores  and  of  the  stocks 
or  masses,  and  the  origin  of  the  ore  deposit*^.  Include.^  detailed  descrip- 
tions of  special  areas. 

640 A  peculiar  clastic  dike  near  Oumy,  Colorado,  and  it«  avsso- 

ciated  deposit  of  silver  ore. 
Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  227-236,  figs.  1-2,  1901. 
Describes  the  occurrence,  character,  and  origin  of  the  dike  and  of  the 
associated  pre  br>dy. 

641  Raymond  (R.  W.).     Recent  contributions  to  the  science  of  ore 

deposits. 

Min.  Ind.  for  1900,  pp.  75.V762,  1901. 

Gives  a  review  and  summaries  of  recent  important  papers  on  the 
origin  of  ore  deposits. 

642  Reid  (Harry   Fielding).      De   la  progression   des  glaciers,   leur 

stratification,  et  leurs  veines  bleues. 
Int.  Cong.  Geol.,  Compte  Rendu,  viii  session,  j>p.  749-755.  1901 

643 The  variations  of  glaciers,  VI. 

Jour.  (Jeiil.,  vol.  9,  pp.  250-254,  1901. 

This  imper  comprises  a  sunmiary  of  the  Fifth  Annual  report  of  the 
International  Committee  on  glaciers. 

644 [Review  of  *'Les  variations  de  Longueur  des  Glaciers  dans 

les  Regions  Artique  et  Boriales,"  by  Charles  Rabot.] 
Science,  new  ser.,  vol.  14,  pp.  928-930,  1901. 

645  Richards  (Joseph  W.).     ^^Mohawkite." 

Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  457-458,  1901. 
Al)stract:  Am.  (leol.,  vol.  28,  pp.  58  (10-11),  1901. 
Gives  results  of  the  author's  chemical  studies,  which  prove  the  exist- 
ence of  the  species  tenntHl  mohawkite  and  of  another  species  for  which 
the  name  ledouxite  is  projK>stHl. 
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646  Rickard  (Forbes).     Notes  on  Nome,  and  the  outlook  for  vein  min- 

ing in  that  district  [Alaska]. 
Eng.  and  Mg.  Jour.,  vol.  71,  pp.  276-276,  1  fig.,  1901. 
Contains  notes  on  the  geology  of  the  region  and  the  occurrence  of  gold. 

647  Rickard  (T.  A.).     The  Cripple  Creek  volcano  [Colorado]. 

Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  367-403,  figs.  1-2,  1901. 
Gives  an  account  of  the  various  stages  of  eruption  in  this  volcano  and 
compares  it  with  volcanos  in  other  regions. 

648 The  telluride  ore^  of  Cripple  Creek  [Coloi*ado]  and  Kalgoorlie 

[Australia]. 
Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  70^-718,  1901. 
Describes  the  characteristics  of  the  ores  of  these  regions. 

649  Hies  (Heinrich).     Theodore  Greely  White. 

Am.  (leol.,  vol.  28,  pp.  269-270,  with  portrait,  1901. 

Gives  a  brief  sketch  of  his  life  and  work,  and  a  list  of  publications. 

650  RiggB  (Elmer  S.).     The  Dinosaur  beds  of  the  Grand  River  valley 

of  Colorado. 

Field  Col.  Mus.,  Geol.  ser.,  vol.  1,  pp.  207-274,  pis.  34-39,  1901. 

Describes  the  general  character  of  the  Cretat^eous,  Jurassic,  and  Triassic 
strata  and  the  occurrence  of  vertebrate  remains. 

651 The  fore  leg  and  pectoral  girdle  of  Morosaurus.     With  a  note 

on  the  genus  Camarosaurus. 
Field  Col.  Mus.,  Geol.  ser.,  vol.  1,  pp.  27.'>-281,  pis.  40-42,  1901. 

652 The  largest  known  dinosaur. 

Science,  new  ser.,  vol.  13,  pp.  549-550,  1901. 

Contains  brief  description  of  the  skeleton  obtained  by  a  recent  expe- 
dition of  the  Field  Columbian  Museum. 

653  Ritter  (Wm.  E.).     Some  observations  bearing  on   the  probable 

sul>sidence  during  recent  geologic  times  of  the  Island  of 
Santa  C'atalina  off  the  coast  of  southern  California. 
Science,  new  ser.,  vol.  14,  pp.  575-577,  1901. 

654  Robinson  (H.  H.).     On  octohedrite  and  brookite,  from  Brindle- 

town,  North  Carolina. 
Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  180-184,  figs.  1-6,  1901. 
Describes  occurrence  and  crystal lographic  characters  of  the  minerals. 

655  Rogers  (Austin  F.).     Mineralogical  notes,  No.  2. 

Am.  Jour.  8ci.,  4th  ser.,  vol.  12,  pp.  42-48,  figs.  1-8,  1901. 
Describes  crystallographic  characters  of  calcite,  galena,  pyrite,  topaz, 
leadhillite,  iivarite,  cale<lonite,  barite,  and  celestite. 

656 The  Pottawatomie  and  Douglas  formations  along  the  Kansas 

River. 

Kan.  Univ.  Quart.,  vol.  9,  pp.  234-254,  1900. 
Gives  lists  of  fossils  from  various  localities. 
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657  Ropes  (Leverett  S.).     [Corundum  of  North  Carolina.] 

Min.  Ind.,  1899,  pp.  12-14,  1900. 
Notes  on  occurrence. 

658  Roivley  (R.  R.).    Two  new  genera  and  some  new  sj^ecies  of  fos- 

sils from  the  Upper  Paleozoic  rocks  of  Missouri. 
Am.  Geol.,  vol.  27,  pp.  343-355,  pi.  28,  1901. 
Describes  spetnes  of  two  little  known  groups  of  blastoicls. 

659  Ruedemann  (Rudolf).     Hudson  River    l>eds  near  Albany  and 

their  taxonomic  equivalents. 

N.  Y.  State  Mus.,  Bull.  No.  42,  pp.  489-587,  pis.  1-2,  figs.  1^,  1901. 
Abstract:  Am.  Geol.,  vol.  27,  pp.  377-378,  1901. 

Reviews  previous  work  on  these  strata.  Describes  the  lithologic  and 
faunal  characters  at  various  localities  in  the  region  and  discusses  the 
geologic  structure  and  correlation  of  the  beds.  Describes  the  characters 
of  new  species  of  fossils  collected. 

660 Trenton  conglomerate  of  Rysedorph  Hill,  Rensselaer  County, 

N.  Y.,  and  its  fauna. 
N.  Y.  State  Mus.,  Bull.  49,  pp.  3-114,  pis.  A-B  and  1-7,  1901. 
Describes  the  stratigraphic  relations  and  characters  of  the  fauna. 

661  Russell  (Israel  C).  Geolog}'  and  water  resources  of  Nez  Perce 
County,  Idaho.     Part  I. 

U.  S.  Geol.  Surv^,  Water-Supply  and  Irrigation  Papers,  No.  53,  pp.  1-85, 
pis.  i-x,  figs.  1-4,  1901.     Abstract:  Am.  (ieol.,  vol.  28,  pp.  319-321, 1901. 

Desttribes  the  pre-Tertiary  terranes,  the  Columbia  lava,  the  soils  and 
the  physiography  of  the  region. 

662 Geology  and  water  resources  of  Nez  Perce  County,  Idaho. 

Part  n. 

U.  S.  Geol.  Surv.,  Water-Supply  and  Irrigation  Papers,  No.  54,  pp.  95- 
141,  figs.  5-14,  1901. 

Describes  the  character  and  occurrence  of  the  water  supply,  building 
stones,  and  lignite.  Includes  a  bibliography  of  artesian  waters  and  a 
note  concerning  Portland  cement. 

663  Rutland  (Joshua).     Mammals  and  reptiles;  or  what  was  the  Ice 

ages? 
Sci.  Am.  Suppl.,  vol.  51,  pp.  21032-21033,  1901. 
Describes  their  occurrence  and  characters  in  geologic  times. 

664  Rutley  (Frank).     Mineralogy. 

12th  ed.,  240  pp.,  1900.     Thomas  Murby,  Ix)ndon. 

Review:  Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  p.  921  (§  p.),  1901. 

s. 

666  Saflford  (J.  M.).     Classification  of  the  geological  formations  of 
Tennessee. 
Geol.  Soc.  Am.,  Bull.,  vol.  13,  pp.  10-14,  1901. 
Gives  in  tabular  form  a  list  of  the  geological  formations  of  Tennessee 
and  includes  brief  notes  reganling  them. 
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666  SafEbrd  (J.  M.).     Horizons  of  phosphate  rocks  in  Tennessee. 

Geol.  Soc.  Am.,  Bull.,  vol.  13,  pp.  14-15,  1901. 

Describes  the  geologic  relations  of  the  various  phosphate  deposits. 

667  Salisbury  (RoUin  D.)     [Reviews of  "The  Norwegian  Polar  Expe- 

dition, 1893  to  1896.     Scientific  Results,  Vol.  I,"  and  ''The 
Pleistocene  geology  of  the  South  Central  Sierra  Nevada, 
with  especial  reference  to  the  origin  of  the  Yosemite  Val- 
ley," by  H.  W.  Turner.] 
Jour.  Geol.,  vol  9,  pp.  87-91,  1901. 

668 [Reviews  of  "  Handbuch  der  Seenkunde,  allgemeine  Lim- 

nologie,"  by  F.  A.  Forel:  ''A  preliminary  report  on  the 
Artesian  basins  of  Wyoming,"  by  Wilbur  C.  Knight;  and 
''  Die  vierte  Eiszeit  im  Bereiche  der  Alpen,"  by  Albrecht 
Penck.] 
Jour.  Geol.,  vol.  9,  pp.  199-202,  1901. 

669 [Review  of  "  Glacial  sculpture  of  the  Bighorn  Mountains, 

Wyoming,"  by  F.  E.  Matthes.] 
Jour.  Geol.,  vol.  9,  pp.  465-466,  1901. 

670 Glacial  work  in  the  Western  mountains  in  1901. 

Jour.  Geol.,  vol.  9,  pp.  718-731,  1901. 

Describes  the  results  of  the  work  of  several  parties  of  students  in 
various  parts  of  western  United  States. 

671  Sardeson  (Frederick  W.).    Problem  of  the  Monticuliporoidea.    I. 
Jour.  Geol.,  vol.  9,  pp.  1-27,  pi.  A.  and  fig.  1,  1901. 
Describes  the  characters  of  various  species  of  Trepostomata  and  dis- 
I  their  affinities. 


672 Problem  of  the  Monticuliporidea.     II. 

Jour.  Geol.,  vol.  9,  pp.  149-173,  pi.  B,  fig.  2,  1901. 
Describes  the  general  characters  of  various  species  of  Gryptostomata 
and  discusses  their  affinities. 

673 Note  on  the  western  Tertiary. 

/  Science,  new  ser.,  vol.  13,  pp.  868-869,  1901. 

Contains  notes  on  the  occurrence  of  fossils  as  indicating  the  mode  of 
formation  of  the  strata. 

674 Fossils  in  the  St.  Peter  sandstone. 

Minn.  Acad.  Nat  Sci..  Bull.,  vol.  3,  pp.  318-319,  1901. 

675 Paleozoic  fossils  in  the  drift  [Minnesota]. 

Minn.  Acad.  Nat.  Sci.,  Bull.,  vol.  3,  pp.  317-318,  1901. 

676 The  lower  Silurian  formations  of  Wisconsin  and  Minnesota 

compared. 
Minn.  Acad.  Nat.  Sci.,  Bull.,  vol.  3,  pp.  319-326,  fig.  8,  1901. 
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677  Sardeson  (Frederick  W.).    The  range  and  distribution  of  the  lower 

Silurian  fauna  of  Minnesota,  with  descriptions  of  some  new 
species. 
Minn.  Acad.  Nat.  Sci.,  Bull.,  vol.  3,  pp.  326-343,  1901. 

678  Sarle  (Clifton  J.).     Reef  structures  in  Clinton  and  Niagara  strata 

of  western  New  York. 

Am.  Geol.,  vol.  28,  pp.  282-299,  pis.  27-31,  1901. 

Dew'ribes  occurrtmce  of  irregular,  hardeneil  masses  in  the  limestone 
and  discusses  their  origin.  Describes  similar  occurrences  in  other  geo- 
logic horizons. 

679  Schiotz  (O.  E.).     Results  of  the  pendulum  observations  and  some 

remarks  on  the  constitution  of  the  earth's  crust. 

Nansen's  Norwegian  North  Polar  expedition.  Scientific  results,  vol. 
2,  viii,  pp.  1-90,  1901. 

680  Scholz  (C).     [In  discussion  of  paper  by  Charles  Catlett  on  "Coal 

outcrops."] 
Am.  Inst.  Mg.  P:ngr8.,  Trans.,  vol.  30,  pp.  1107-1109,  1901. 

681  Schrader  (F.  C.)  and  Brooks  (Alfred  H.).     Some  notes  on  the 

Nome  gold  region  of  Alaska. 

Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  236-247,  figs.  1-3,  1901. 

Describes  the  topography  of  the  region,  the  occurrence  of  the  placers, 
and  the  origin  of  the  beach  placers. 

682  Schuchert  (Charles).     On  the  Helderbergian  fossils  near  Mon- 

treal, Canada. 

Am.  Geol.,  vol.  27,  pp.  245-253,  figj.  A-D,  1901. 

Contains  notes  on  the  fossils  and  probable  correlations  of  the  St. 
Helens  island  faunas  of  New  York.     Figures  two  new  spec^ies. 

683  Scott  (Dunkinfield  Henry).     Studies  on  fossil  botany. 

The  Macmillan  Co.,  N.  Y.,  533  pp.,  1900. 
Al)stract:  Am.  Nat.,  vol.  35,  pp.  73-77,  1901. 

684  Scott  (W.  B.).     Historical  geology. 

8ci.  Am.  Suppl.,  vol.  52,  pp.  21352-21353,  1901. 

Abstract  of  lecture  delivered  at  the  Wagner  Institute,  Philadel- 
phia, Pa. 

685 Earth  carrying. 

Sci.  Am.  Suppl.,  vol.  52,  p.  21456,  1901. 

Al)Ptract  of  lecture  delivered  at  the  Wagner  Institute,  Philadel- 
phia, Pa. 

686  Seeley  (Henry  M.).     Sketch  of  the  life  and  work  of  Augustus 
Wing. 
Am.  Geol.,  vol.  28,  pp.  1-8,  pi.  1,  1901. 

Describes  the  life  of  Augustus  Wing  and  his  work  on  the  geology  of 
Vermont 
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087  Seeley  (Henry  M.).     The  geology  of  Vermont. 

The  Vermonter,  vol.  5,  pp.  5JM)7,  Feb.,  1901.     (Not  seen.) 

6HS  SellardB  (E.  H.).     Peniiian  plant*.     Taeniopteris  of  the  Permian 
of  Kansas. 
Kan.  Univ.  Quart.,  vol.  10,  pp.  1-12,  pis.  1^,  1901. 

^H9 Fossil  plants  in  the  Permian  of  Kansas. 

Kan.  Acad.  Sci.,  Trans.,  vol.  17,  pp.  208-209,  1901. 

Describes  occurrence  of  the  plant  remains  at  various  localities. 

690  Shaaf  (Albert),  Price  (J.  A.)  and.     Spy  Run  and  Poinsett  lake 
bottoms. 
See  Price  (J.  A.)  aud  Shaaf  (A.),  627. 

691 Abandoned  meanders  of  Spy  Run  Creek  [Indiana]. 

See  Price  (J.  A.)  and  Shaaf  (A.),  628. 

692  Shaler  (N.  S.).     Broad  valleys  of  the  Cordillei-as. 
Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  271-300,  1901. 
Discusses  the  origin  and  developuient  of  these  valleys  and  the  bear- 
ing of  the  evidence  on  the  orographic  features  of  the  region. 

6U8  Shattuck  (George  Burbank).     The  Pleisto(;ene  problem  of  the 
North  Atlantic  Coastal  plain. 
John  Hopkins  Univ.,  Circular  No.  152,  pp.  69-75,  1901. 
Am.  Geol.,  vol.  28,  pp.  87-107,  lt)01. 

Reviews  the  opinions  of  various  writers  on  these  problems  and  gives 
the  author's  conclusions. 

694 Apparent    unconformities    during    periods    of    continuous 

sedimentation. 
Abstract:  Science,  new  ser.,  vol.  13,  pp.  99-100,  1901. 

695  Sheldon  (J.  M.  Arms).     Concretions  from  the  Champlain  clays 

of  the  Connecticut  valley. 
45  pp.,  1900.     (Not  seen.)     Boston,  Mass. 
Abstract:  Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  p.  397  (i  p.),  1901. 

696  Shixnek  (B.).     Recent  decline  in  the  level  of  Lake  Nicaragua. 

Am.  Geol.,  vol.  28,  pp.  396-398,  1901. 

Refers  to  a  paper  published  in  1896  on  the  same  subject 

697 The  loess  of  Iowa  City  and  vicinity  f  Iowa], 

Iowa  State  Univ.,  Lab.  Nat.  Hist,  Bull.,  vol.  5,  pp.  195-212,  1901. 
Am.  Geol.,  vol.  28,  pp.  344-358,  1901. 

Gives  list  of  loess  and  recent   fossils  with  notes  on  some  of  the 
species. 

698  Siebenthal  (C.  E.).     On  the  use  of  the  term  Bedford  limestone. 
Jour.  Geol.,  vol.  9,  pp.  234-235,  1901. 

Discusses  the  use  of  the  name  in  Ohio  and  Indiana  and  considers  the 
Bedford  of  Indiana  has  priority. 
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699  Siebenthal  (C.  E.).     [Re\riew  of  ^'Twenty-fifth  Annual  Report, 
Department  of  Geology  and  Natural  Resources  of  Indiana."] 
Jour.  Geol.,  vol.  9,  pp.  354-356,  1901. 

700 [Review  of  "  Texas  petroleum ''  by  William  Battle  PhUlips.] 

Jour.  Geol.,  vol.  9,  pp.  637-638,  1901. 

701 The    Silver    Creek    hydraulic    limestone    of    southeastern 

Indiana. 

Ind.  Dept.  of  Geol.  and  Nat.  Res..,  25th  Ann.  Rept,  pp.  331-389,  pis. 
13-14,  ligs.  71-72,  1901. 

Reviews  the  geologic  literature  regarding  the  region,  describes  the 
stratigraphic  and  paleontologic  features  and  nomenclature  of  the  Devo- 
nian formations,  and  gives  an  account  of  the  economic  uses  of  the 
limestone. 

702  Siiuonds  (Frederic  W.).     The  minerals  and  mineral  localities  of 

Texas. 

Abstract:  Science,  new  sen,  vol.  14,  p.  797,  1901. 
Gives  an  account  of  the  preparation  of  a  list  of  Texas  minerals  and 
localities. 

703  Sinclair  (William  J.).     The  discovery  of  a  new  fossil  tapir  in 

Oregon. 

Jour.  Geol.,  vol.  9,  pp.  702-707,  fig.  1,  1901. 

Describes  Protapirus  robustus  n.  sp.  from  the  John  Day  beds. 

704  Slosson  (E.  E.),  Blnight  (W.  C.)  and.     Alkali  lakes  and  deposits 

[Wyoming]. 
See  Knight  (W.  0.)  and  Slosson  (E.  E.),  451. 

705 The  Dutton,  Rattlesnake,  Arago,  Oil  Mountain,  and  Powder 

River  oil  fields  [Wyoming], 

See  Knight  (W.  C.)  and  Slosson  (E.  E.),  450. 

706  Smith  (Alva  J.).     The  Americus  limestone. 

Kans.  Acad.  Sci.,  Trans.,  vol.  17,  pp.  189-190,  pis.  15-17,  1901. 
Describes  its  distribution  in  Lyon  County,   Kansas,   and  its  petro- 
graphic  and  fauna!  characters. 

707  Smith  ((Jeorge  Otis).     A  geological  study  of  the  Fox  Islands, 

Maine. 

Colby  College,  Bull.,  vol.  1,  supplement,  pp.  1-53,  and  geologic  map, 
1901. 

Describes  the  character  and  octuirrence  of  the  sedimentary  and  igne- 
ous ro(;ks  and  the  geologic  history  of  the  i8lan<l8. 

708 Geology  and  water  resources  of  a  portion  of  Yakima  County, 

Washington. 

U.  S.  Geol.  Surv.,  Water  Supply  and  Irrigation  Papers,  No.  55,  pp. 
1-68,  pis.  i-vii,  figs.  1--8,  1901. 

Describes  the  geographic  and  geologic  features  of  the  r^on  and  the 
w^ter  resources. 
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709  Smith  (George  Otis)  and  Willis  (Bailey).    The  C^lealum  iron  ores, 

Washington. 

Am.  Inst.  Mg.  Engre.,  Trans.,  vol.  30,  pp.  356-366,  1  fig.,  1901. 

Describes  the  character,  occurrence  and  origin  of  the  ores  and  the 
general  geologic  and  structural  feature  of  the  region. 

710  Smith  (James  Perrin).     The  border  line  between  the  Paleozoic 

and  Mesozoic  in  western  America. 

Jour.  Geol.,  vol.  9,  pp.  512-521,  1901. 

Discusses  briefly  the  criteria  by  which  geologic  time  divisions  of  the 
line  between  this  Paleozoic  and  Mesozoic  as  influenced  by  the  faimas  of 
certain  beds  of  Idaho  and  California  and  their  relation  to  allied  Asiatic 
and  European  faunas. 

711 and  Weller  (Stuart).     Prodromites,  a  new  ammonite  genus 

from  the  Lower  Carboniferous. 
Jour.  Geol.,  vol.  9,  pp.  255-268,  pis.  6-8,  1901. 

Discusses  the  occurrence  of  ammonites  in  upper  Paleozoic  rocks  of  the 
Mississippi  Valley,  and  describes  a  new  genus  and  two  new  species. 

712  Smock  (John  C).     Administrative  report.     (New  Jersey  Geo- 

logical Survey.) 

N.  J.  Geol.  Surv.,  Ann.  Kept,  for  1900,  pp.  xi-xl,  1901. 

Gives  an  account  of  the  work  of  the  Survey  for  the  year,  and  dis- 
cusses the  character  and  relations  of  the  surface  formations  of  southern 
New  Jersey. 

713  Smyth  (C.  H.,  jr.).     Geology  of  the  crystalline  rocks  in  the  vicin- 

ity of  the  St.  Lawrence  River. 

N.  Y.  State  Mus.,  53d  Ann.  Rept.,  vol.  1,  pp.  r85-rl04,  pis.  13-24  and 
geologic  map,  1901. 

Describes  the  gneiss  and  associated  rocks  of  the  region. 

714  SoUas  (W.  J.).     Evolutional  geology. 

Smith.  Inst.,  Ann.  Rept.  1900,  pp.  289-314,  pi.  1,  1901. 

715  Spalding  (E.  P.).     The  quicksilver  mines  of  Brewster  County, 

Texas. 
Eng.  &  Mg.  Jour.,  vol.  71,  pp.  749-750,  figs.  1-6,  1901. 
Contains  notes  on  the  character  and  occurrence  of  the  ore. 

716  Spencer  (Arthur  C).     The  iron  ores  of  Santiago,  Cuba. 

Eng.  &  Mg.  Jour.,  vol.  72,  pp.  633-634,  6  figs.,  1901. 
Describes  the  character  and  geologic  relations  of  the  ore  Ixxiies. 

717 The  physiography  of  the  Copper  River  basin,  Alaska. 

Abstract:  Science,  new  ser.,  vol.  13,  p.  1S9,  1901. 
Contains  abstract  of  paper  read  before  the  Geological  Society  of  Wash- 
ington. 

718 See  Cross  (Whitman),  176. 

719  Spencer  (Joseph  William  Winthrop).     On  the  geological  and 
physical  development  of  Antigua. 
London  Geol.  Soc,  Quart.  Jour.,  vol.  57,  pp.  490--505,  and  map,  1901. 
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720  Spencer  (Joseph  William    Winthrop).     On   the  geological  and 
physical  development  of  Guadelupe. 

London  Geol.  Soc,  Quart.  Jour.,  vol.  57,  pp.  506-519, 1901. 

721 On  the  geological  and  physical  development  of  Anguilla,  St. 

Martin,  St.  Bartholomew,  and  Sombrero. 
London  Geol.  Soc.,  Quart.  Jour.,  vol.  57,  pp.  520-533, 1901. 

722 On  the  geological  and  physical  development  of  the  St.  Chris- 
topher chain  and  Saba  Banks. 
London  Geol.  Soc.,  Quart.  Jour.,  vol.  57,  pp.  534-544, 1901. 

723  Spurr    (Josiah   Edward).     Origin  and    structure  of    the   Basin 
ranges. 

Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  217-270,  pis.  20-25, 1901. 
Abstract:  Science,  new  ser.,  vol.  13,  p.  98, 1901. 

Describes  the  structural  features  of  the  ranges  in  the  Great  Basin 
region  and  discusses  their  origin. 

724 Variations  of  texture  in  certain  Tertiary  igneous  rocks  of  the 

Great  Basin. 
Jour.  Geol,  vol.  9,  pp.  58^-606,  fig.  1, 1091. 

Describes  the  character  and  occurrence  of  the  variations  of  certain 
andeeitic  and  rhyolitic  rocks  and  gives  chemical  analyses. 

725  Stanton  (Timothy  W.).     [Report  on  Cretaceous  fossils  from  the 
John  Day  Basin,  Oregon.  ] 
Univ.  of  Cal,  Dept.  of  Geol.,  Bull.,  vol.  2,  pp.  280-284, 1901. 
Gives  list  of  fossils  with  notes  on  some  of  the  species  and  discusses  the 
faunal  relations. 

726 Chondrodonta,  a  new  genus  of  ostreiform  mollusks  from  the 

Cretaceous,  with  descriptions  of  the  genotpye  and  a  new 
species. 
U.  S.  Nat.  Mus.,  Proc,  vol.  24,  pp.  301-307,  pis.  25-26, 1901. 

727  Steams  (Robert  E.  C).     Fossil  land  shells  of  the  John   Day 

region,  with  notes  on  related  living  species. 
Wash.  Acad.  Sci.,  Proc,  vol.  2,  pp.  651-658,  pi.  35, 1900. 

727a The  fossil  fresh- water  shells  of  the  Colomdo  desert,  their 

distribution,  environment,  and  variation. 
U.  S.  Nat.  Mus.,  Proc,  vol.  24,  pp.  271-299,  pis.  xix,  xxiv,  1901. 

728  Stevens  (E.  A.).     An  occurrence  of  limburgite  in  the  Cripple 

Creek  district  [Colorado]. 
Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  759-764,  figs.  1-4, 1901. 
Describes  the  occurrence  and  character  of  this  rock  type. 

729  Stokes  (H.  N.).     On  pyrite  and  marcasite. 

U.  S.  Geol.  Surv.,  Bull.  No.  186,  pp.  1-50,  pi.  1,  figs.  1-2, 1901;  Am.  Jour. 
Sci.,  4th  ser.,  vol.  12,  pp.  414-420, 1901. 

Describes  the  uncertainty  of  the  methotis  of  distinguighi»^g  pyrite  and 
marcasite  and  a  method  for  the  quantitative  determination  of  the  min- 
erals when  in  mixture,  and  discusses  the  relations  of  these  sulphides  to 
those  of  copper. 
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73()  Stokes  (N.  H.),  Merrill  (George  P.)  and.  A  new  stony  meteorite 
from  Allegan,  Michigan,  and  a  new  iron  meteorite  from 
Mart,  Texas. 

See  Merrill  (George  P.)  and  Stokes  (H.  N.),  546. 

731  Stose  (George  W.).     [Review  of  ''Allegany  County,  Maryland."] 
Science,  new  ser.,  vol.  14,  pp.  181-182,  1901. 

132  Stone  (George  H.).     Note  on  the  minerals  associated  with  copper 
in  parts  of  Arizona  and  New  Mexico. 
Abstracts:  Science,  new  ser.,  vol.  14,  pp.  790-797,  1901. 
Sci.  Am.  Suppl.,  vol.  52,  p.  215a5,  1901. 

733 Note  on  the  extinct  glaciers  of  New  Mexico  and  Arizona. 

Abstract:  Science,  new  ser.,  vol.  14,  p.  798, 1901. 
Brief  account  of  occurrence. 

734  Stretch   (R.    IL).     The  Silverton   mining  district,   Snohomish 
CJounty,  Washington. 
Eng.and  Mg.  Jour.,  vol.  72,  p.  105,  1901. 
Describes  briefly  the  occurrence  of  copper  ores. 

T. 

785  Taff  (Joseph  A.).     A  comparison  of  the  Ouachita  and  Arbuckle 
Mountain  sections,  Indian  Territory. 
Abstract:  Science,  new  ser.,  vol.  13,  pp.  271-272,  1901. 
Briefly  describes  sections  of  Paleozoic  rocks. 

736 Colgate  Folio — Indian  Territory. 

U.  S.  Gfeol.  Surv.,  Geol.  Atlas  of  U.  S.,  Folio  No.  74,  1901. 

Describes  the  geographic  and  topographic  features,  the  general  geo- 
logic relations,  the  character  and  occurrence  of  the  Carboniferous,  Neo- 
cene and  Pleistocene  strata,  and  the  occurrence  of  coal. 

737  Talxnage  (J.  E.).     A  recent  fault  slip,  Ogden  Canyon,  Utah. 

Science,  new  ser.,  vol.  13,  p.  550,  1901. 
Gives  a  brief  account  of  the  phenomena. 

738  Taylor  (F,  B.).     Glacial  phenomena  in  eastern  Ontario. 

Abstract:  Science,  new  ser.,  vol.  13,  p.  138, 1901. 

739  Tays  (K.  A.  H.).     Genesis  of  ore  deposits. 

Mg.and  Sci.  Press.,  vol.  83,  pp.  142-143,  3  figs.,  1901. 
Discusses  article  by  M.  W.  Alderson  on  the  same  subject. 

740  Tight  (W.  G.)«     Pre-Glacial  drainage  in  southwestern  Ohio. 

Science,  new  ser.,  vol.  14,  pp.  775-776,  1901. 

Discusses  recent  article  by  A.  M.  Miller  on  the  same  subject. 

741  Todd  (James  E.).     River  action  phenomena. 

Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  486-490,  1901. 
Discusses  the  variations  in  plienomena  of  river  action  in  time  of  flood 
and  the  formation  of  silt  and  loe*e  deposits. 
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742  Todd  (James  E.).    Some  problems  of  the  Dakota  artesian  system. 
Abstract:  Science,  new  ser.,  vol.  14,  p.  794,  1901. 
Sci.  Am.  Suppl.,  vol.  52,  p.  21504,  1901. 

748 Moraines  and  maximum  diurnal  tempemture. 

Abstracts:  Science,  new  ser.,  vol.  14,  pp.  794-795,  1901. 
Sci.  Am.  Suppl.,  vol.  52,  p.  21504,  1901. 
Describes  certain  glacial  phenomena. 

744  Turner  (Henry  W.).     The  geology  of  the  Great  Basin  in  eastern 

California  and  southwestern  Nevada. 

Abstracts:  Jour.  Geol.,  vol.  9,  p.  73  (J p.),  1901;  Geol.  Soc.  Am.,  Bull., 
vol.  12,  p.  498  (}  p.),  1901. 

Describes  the  structure  of  the  region  and  its  general  stratigrapliic 
features. 

745 Perknite  (lime-magnesia  rocks). 

Jour.  Geol.,  vol.  9,  pp.  507-511,  1901. 

Describes  the  character  and  occurrence  of  a  new  rock  type  and  gives 
chemical  analyses  of  rocks  im^luded  in  this  group. 

746 The  mines  of  Esmeralda  County,  Nevada. 

Mg.  and  Sci.  Press,  vol.  82,  pp.  73-74,  1901. 

Contains  notes  on  the  general  geology  of  portions  of  the  County. 

747  Tjrrrell  (J.  B.).  Report  on  the  east  shore  of  Lake  Winnipeg  and 
adjacent  parts  of  Manitoba  and  Keewatin,  compiled  by 
D.  B.  Dowling. 

Can.  Geol.  Surv.,  new  ser.,  vol.  11,  Rept.  G.,  96  pp.,  3  pis.,  1901,  pub- 
lished in  1900. 

Describes  the  physiography  and  drainage  of  the  region  and  the  char- 
acter of  the  crystalline  rocks. 


748  Udden  (J.  A.).     Geology  of  Louisa  County  [Iowa]. 

Iowa  Geol.  Surv.,  vol.  11,  pp.  58-126,  pi.  4,  fig.  I,  2  maps,  1901. 

De8cril)efl  the  physiography,  the  character  and  distriliution  of  the  Car- 
boniferous and  Pleistocene  deposits  and  the  occurrence  of  economic 
products. 

749 Geologic  of  Pottawattamie  County  [Iowa]. 

Iowa  Geol.  Surv.,  vol.  11,  pp.  202-277,  pi.  6,  figs.  13-15 and  map,  1901. 

Describes  the  physiography,  the  character  and  ocxjurreiice  of  the  Car- 
boniferous, Cretaceous,  and  Pleistocene  strata  and  the  occurrence  of 
economic  products. 

750  Ulrich  (E.  O.).     Systematic  paleontology.  Eocene  Arthropoda. 

Md.  Geol.  Surv.,  Eocene,  pp.  11(>-122,  pi.  10,  1901. 

751 Eocene  Molluscoidea  (Bryozoa). 

Md.  (jeol.  Sur\'.,  Eocene,  pp.  205-222,  piH.  SiMiO,  1901. 
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752  IJphaxn  (Warren).     Artesian  wells  in  North  and  South  Dakota. 
Minn.  Acad.  Nat  Sci.,  Bull.,  vol.  3,  pp.  370-379,  1901. 

753 Pre-Glacial  erosion  in  the  course  of  the  Niagara  ^orge,  and 

its  relation  to  estimates  of  post-Glacial  time. 
Am.  GeoL,  vol.  28,  pp.  235-244,  1901. 

Gives  the  author's  views  of  the  glacial  history  of  the  region  and  dis- 
cusses their  bearing  on  estimates  of  post-Glacial  time. 

754 The  antiquity  of  the  races  of  mankind. 

Am.  Geol.,  vol.  28,  pp.  250-254,  1901. 

Reviews  the  evidences  indicating  the  pre-Glacial  origin  of  man. 

755 [Review  of  '*Iowa  Geological  Survey,  volume  11. '^ 

Am.  Geol.,  vol.  28,  p.  258,  (i  p.),  1901. 

756 The  Toronto  and  Scarboro  drift  series  [Ontario]. 

Am.  Geol.,  vol.  28,  pp.  306-316,  1901. 

Quotes  Coleman's  description  of  these  beds  and  discusses  the  bearing 
of  the  evidences  on  the  existence  of  interglacial  epochs  of  moderate 
oscillations  of  the  ice  border. 

757 [Review  of  "Geological  Survey  of  Canada,  Annual  Report, 

new  series,  volume  11, 1898."] 
Am  GeoL,  vol.  28,  pp.  321-322,  1901. 


758  Van  Hise  (Charles  R.).  Some  principles  controlling  the  deposi- 
tion of  ores. 

Am.  Inst  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  27-177,  figs.  1-10,  1901. 

Abstracts:  Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  p.  90  (i  p.),  1901;  Eng.  & 
Mg.  Jour.,  vol.  72,  pp.  699-702,  1901. 

This  subject  is  discussed  under  the  following  general  heads:  Three 
zones  of  the  lithosphere;  the  water  content  and  openings  in  rocks; 
physico-chemical  principles  controlling  the  work  of  underground  waters; 
general  geologic  work  of  underground  waters;  the  precipitation  of  ores 
by  ascending  waters;  precipitation  of  ores  by  ascending  and  descending 
waters  combined;  the  association  of  certain  ores;  concentration;  enrich- 
ment and  diminution  of  richness  in  depth;  special  factors  affecting  the 
concentration  of  ores,  and  the  classification  of  ore  deposits. 

759 The  iron-ore  deposits  of  the  Lake  Superior  region. 

U.  a  Geol.  Surv.,  21st  Ann.  Rept.,  Pt.  Ill,  pp.  305-434,  pis.  xlviii-lix, 
1901. 

Describes  the  general  stratigraphy  and  occurrence  of  iron  ores  in  the 
several  districts  of  the  Lake  Superior  region.  The  Mesabi  district  is  by 
C.  R.  Van  Hise  and  C.  K.  Leith.  The  Vermillion  iron-bearing  district 
is  by  C.  R.  Van  Hise  and  J.  Morgan  Clements. 

760 The  geology  of  ore  deposits. 

Science,  new  ser.,  vol.  14,  pp.  745-757,  figs.  1-6,  785-793,  1901. 
Abstract:  Sci.  Am.  Suppl.,  vol.  52,  p.  21504,  1901. 
Discusses  the  evidences  that  metallic  ores  and  gangue  are  deposited 
by  imderground  waters. 
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761  Van  Hise  (Charles  R.).    [Discussion  of  ''Ice  ramparts,"  by  E.  R, 

Buckley]. 

Wis.  Acad.  Sci.  Arta  and  Letters,  Trans.,  vol.  13,  Pt  I,  pp.  158-162,  pis. 
14-18,  1901. 

Compares  the  phenomena  of  ice  deformation  with  those  of  crustal 
deformation. 

762  Van  Ingen  (Gilbert).    The  Siluric  fauna  near  Batesville,  Arkan- 

sas, I. 
School  of  Mines  Quart.,  vol.  22,  pp.  318-328,  fig.  1,  1901. 
Describes  the  geologic  relations  of  the  strata.    Includes  a  bibhography . 

763 The  Siluric  fauna  near  Batesville,  Arkansas. 

School  of  Mines  Quart.,  vol.  23,  pp.  34-74,  figs.  9-22,  1901. 
Describes  the  characters  of  the  various  species  collected. 

764 [Paleozoic  rocks  of  northwestern  New  Jersey.] 

Abstract:  Am.  Geol.,  vol.  27,  pp.  42-43,  1901. 

Contains  considerable  data  on  the  Paleozoic  strata  and  faunas  of  New 
Jersey. 

765  Vanghan  (T.  Wayland).     Eocene  Coelenterata. 

Md.  Geol.  Surv.,  Eocene,  pp.  222-232,  pi.  61,  1901. 

766 Some  fossil  corals  from  the  elevated  reefs  of  Curasao,  Arube, 

and  Bonaire. 

Sammlungen  d.  Geol.  Reichs-Museum,  Leiden,  ser.  11,  Bd.  11,  Heft  1, 
1901. 

766  a The  stony  corals  of  the  Porto  Rican  waters. 

U.  S.  Fish  Comm.,  Bull.,  vol.  2,  for  1900,  pp.  289-320,  pis.  i-xxxviii, 
1901. 

In  addition  to  describing  recent  species  of  coraln,  gives  notes  on  fossil 
species  from  the  United  States  and  the  West  Indies. 

767 Shell  Blutf,  Georgia,  one  of  Lyell's  original  localities. 

Abstract:  Science,  new  ser.,  vol.  13,  p.  270,  1901. 
Contains  abstract  of  paper  read  before  the  Geological  Society  of 
Washington. 

768 Review  of  recent  papers  on  Bahaman  corals. 

Science,  new  ser.,  vol.  14,  pp.  497-498,  1901. 

769 The  copper  mines  of  Santa  Clara  province,  Cuba. 

Eng.  &  Mg.  Jour.,  vol.  72,  pp.  814-816,  4  figs.,  1901. 

Describes  the  geology  and  occurrence  and  character  of  the  ore  bodies. 

770  Vaux  (George)  and  (William  S.,  jr.).     Observations  made  in  1900 
on  glaciers  in  British  Columbia. 
Phil.  Acad.  Nat.  Sci.,  Proc.  for  1901,  pp.  213-215,  1901. 
Notes  on  movements  of  the  glaciers. 
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771  "Walcott  (Charles  D.).   Cambrian  Brachiopoda;  Obolella  subgenus 
Glyptias;  Bicia;  Obolus,  subgenus  Westonia;  with  descrip- 
tion of  new  species. 
U.  S.  Nat.  Mus.,  Proc.,  vol.  23,  pp.  669-695,  1901. 

772 The  work  of  the  United  States  Geological  Survey  in  relation 

to  the  mineral  resources  of  the  United  States. 
Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  3-26,  with  map,  1901. 
Gives  a  general  accomit  of  the  work  of  the  U.  8.  Geological  Survey  in 
the  development  of  the  mineral  resources  of  the  country. 

773 Twenty-second  Annual  Report  of  the  Director  of  the  United 

States  Geological  Survey  to  the  Secretary  of  the  Interior, 
1900-1901. 
U.  8.  Geol.  8urv.,  22d  Ann.  Kept.,  Pt.  I,  pp.  1-207,  pis.  i-xxiv,  1901. 
Gives  an  account  of  the  work  of  the  U.  8.  Geological  Survey  for  the 
year. 

774 Sur  les  formations  Pr^-Cambriennes  fossiliferes. 

Int.  Cong.  Geol.,  Compte  Rendu,  viii  session,  pp.  299-312,  1901. 
Describes  the  lithologic  and  faunal  characters  of  the  pre-Cambrian 
strata  in  various  parts  of  the  United  States. 

775  Walker  (B.  E.).     List  of  the  published  writings  of  Elkanah  Bil- 

lings. 
Can.  Rec.  Sd.,  vol.  8,  pp.  366-388,  1901. 

776  Wanner  (Atreus).    A  new  species  of  Olenellus  from  the  Lower 

Cambrian  of  York  County,  Pennsylvania. 
Wash.  Acad.  Sci.,  vol.  3,  pp.  267-272,  pis.  31-32,  1901. 

777  Ward  (Lester  F.).     Geology  of   the    Little    Colorado    Valley 

[Arizona]. 

Am.  Jour.  Sci.,  4th  eer.,  vol.  12,  pp.  401-413,  1901. 

Describes  the  character  and  occurrence  of  the  several  subdivisions  of 
the  Meeozoic  strata  of  the  region. 

778 [Review  of  "Sur  quelques  Microorganismes  des  combusti- 
bles fossiles,"  by  B.  Renault.] 
Science,  new  ser.,  vol.  13,  pp.  577-581,  1901. 

779 The  petrified  forests  of  Arizona. 

Smith.  Inst,  Ann.  Kept.  1899,  pp.  289-307,  1901. 

780  Warren  (C.  H.).     [Review  of  ''The  structural  relations  of  the 
amygdaloidal  melaphyre  in  Brookline,  Newton,  and  Brigh- 
ton, Mass.,"  by  Henry  T.  Burr.] 
Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  80-81,  1901. 
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781  Warren  (C.  H.).    [Reviews  of  ''  Elements  of  mineralogy,  crystal- 
lography and  blowpipe  analysis,"  by  A.  J.  Movses  and  C. 
L.  Parsons;  and  ''A  text-book  of  important  minerals  and 
rocks,"  by  S.  E.  Tillman.] 
Science,  new  ser.,  vol.  18,  pp.  267-268,  1901. 

782 Penfield  (S.  L.)  and.     Some  new  minerals  from  the  zinc 

mines  at  Franklin,  N.  J.,  and  note  concerning  the  chemical 
composition  of  ganomalite. 

See  Penfield  (S.  L.)  ahd  Warren  (C.  H.),  603. 

783  Washington  (Henry  S.).    The  foyaite-ijolite  series  of  Magnet 
Cove  [Arkansas];  a  chemical  study  in  differentiation.     I. 
Jour.  Geol.,  vol.  9,' pp.  607-622,  1901. 

Comprises  a  study  of  the  chemical  composition  of  several  rock  types 
and  a  discussion  of  their  relations. 

784 The  foyaite-ijolite  series  of  Magnet  Cove  [Arkansas];  a  chem- 
ical study  in  differentiation.     II. 

Jour.  Geol.,  vol.  9,  pp.  645-670,  figs.  1-3,  1901. 

Describes  the  petrographic  characters  of  the  rocks  and  compares  them 
with  similar  rocks  from  other  regions.  Discusses  differentiation  in 
laccolithic  magmas. 

785 The  rocks  of  Lake  Winnepesaukee,  New  Hampshire 

Abstract:  Am.  Geol.,  vol.  27,  p.  44  (J  p.),  1901. 
Contains  brief  notes  on  the  rocks. 

780 A  chemical  study  of  the  glancophane  schists. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  35-59,  1901. 
Abstract:  Am.  Geol.,  vol.  27,  pp.  184-185,  1901. 
Describes  the  microscopic  and  chemical  characters  of  these  schists 
from  several  foreign  countries  and  from  western  ITnited  States. 

787  Watson  (Thomas  Leonard).  The  granitic  rocks  of  Georgia  and 
their  relationships. 

Am.  Geol.,  vol.  27,  pp.  199-225,  pis.  17-24,  1901. 

Describes  the  microscopic  and  chemical  and  mineral ogic  characters 
of  the  varieties  of  granite  and  discusses  the  evidence  of  their  intrusive 
origin. 

788 The  Georgia  bauxite  deposits;   their  chemical  constituents 

and  genesis. 

Am.  Geol.,  vol.  28,  pp.  25-45,  pi.  7,  1901. 

Describes  the  general  geology  of  the  Imuxite  area  and  the  occurrence, 
geologic  position,  and  chemical  composition  of  the  ore  and  discusses  its 
origin. 

78i) On  the  origin  of  the  phenocrysts  in  the  poii)hyritic  granites 

of  Georgia. 

Jour.  Geol.,  vol.  9,  pp.  97-122,  figs.  1-6,  1901. 

Abstracts:  Am.  Geol.,  vol.  28,  pp.  58-59,  1901;  Am.  Nat.,  vol.  35,  pp. 
947-948,  1901. 

Describes  the  characters  of  the  granites  of  the  several  areas  studied, 
their  chemical  composition,  and  the  genetic  relationship  of  phenocryst 
to  groundmass. 
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71*0  Watson  (Thoimis  Leonard).     [Keview  of  ''The  HauxiU^  deposits 
of  Arkansius/'  by  C.liarles  Willard  Hayes.J 
Jour.  Geol.,  vol.  9,  pp.  737-739,  1901. 

791 We^theringf  of  granitic  rocks  of  Georgia. 

Ge<)l.  Soc.  Am.,  Bull.,  vol.  12,  pp.  93-108,  pis.  6-11,  1901 

Abstracts:  Science,  new  ser.,  vol.  13,  p.  137,  1901;  Am.  Nat.,  vol.  35, 

p.  947  (i  p.),  1901. 
DeHcribes  the  mt^gaFcopic,  micro8Cf)pic,  and  chemical  character  of  the 

granite  of  the  State  anil  the  phenomena  of  their  weathering. 

7l»2  'Watson  (R.  Liixl).     Auriferous  deposits  of  Wreck  Bay,  Jordan 
River,  and  other  localities  of  Vancouver  Island  [Canada]. 
Mines  and  Minerals,  vol.  21,  [>p.  488-489,  1  fig.,  1901. 
Descrilnvs  placers  of  the  region. 

793  "Weatherby  (W.»J.).     The  Mogollon  range,  New  Mexico. 

Mines  and  Minerals,  vol.  22,  pp.  97-101,  4  figs.,  1901. 

Descril)es  the  gt»neral  geology  and  mineral  resources  of  the  region. 

7t»4  "Weed  (Walter  Harvey).  The  enrichment  of  gold  and  silver 
veins. 
Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  30,  pp.  426-448,  figs.  1-9,  1901. 
Discusses  the  genesis  of  rich  ore  Ixxlies  otrurring  near  ground  water 
level  and  of  those  found  in  deep  mine  workings  and  the  chemical  reao 
tions  which  have  taken  place  during  the  proce&*»  of  ore  deiK>sition. 
Descrilx»8  tlie  author's  ol)servation8  and  those  of  other  geologists  in 
various  mines. 

71^5 Types  of  copper  deposits  in  the  southern  United  States. 

Am.  Inst.  Mg.  Engrs.,  Trans.,  vol.  :W,  pp.  449-504,  figs.  1-22,  1901. 
Describes  the  character  and  occurn^nce  of  copper  ores  in  (pertain  dis- 
tricts and  discussers  relations  of  the  orei<  of  the  regions  with  the.se  type 
deposits. 

79<> Notes  on  the  Carolina  gold  deposits. 

Eng.  and  Mg.  Jour.,  vol.  72,  p.  494,  1901. 
Brief  notes  on  the  character  of  the  ores. 

797  The  El  Paso  tin  deposits  [Texas]. 

V.  S.  (ieol.  Surv.,  Bull.  N(».  178,  pp.  1-15,  pi.  1,  figs.  1-4,  1901. 
Des<Til>es  the  general  geology  of  the  rt*gion  and  the  o<'currence  and 
<!haracter  of  the  ore-l>earing  veins. 

798 and  Pirsson  (L.  V.).     Geology  of  the  Shonkin  sag  and  Pal- 
isade Butte  laccoliths  in  the  Highwood  Mountains  of  Mon- 
tana. 
Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  1-17,  figs.  1-10,  1901. 
Abstract:  Geol.  Mag.,  new  ser.,  dec.  4,  vol.  8,  p.  423,  1901. 
Descril>e8  the  physiography  of  the  region,  tiie  occurrence  and  char- 
acter of  the  laccoliths  and  the  chemical  characters  of  the  shonkiDite 
and  syenite. 
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799  Weed  (Walter  Harvey)  and  Pirrson  (L.  V.).     Missourite,  a  new 

leueite  roek  from  the  Highwood  Mountains  of  Montana. 

Yale  Bicentennia]  publications.  0>nt  to  Mineral,  and  Petrog.  pp. 
457-466,  1901.     (From  Am.  Jour.  Sci.,  4th  ser.,  vol.  2,  pp.  315-323, 1896. ) 

800  Weeks  (Fred  Boughton).      An   occurrence   of   tungsten   ore  in 

eastern  Nevada, 
r.  8.  Geol.  Surv.,  2l8t  Ann.  Kept.,  Pt.  VI,  pp.  319-320,  1901 
Abstract:  Eng.  and  Mg.  Jour.,  vol.  72,  pp.  8-9,  1901. 

801  Weller  (Stuart).     Correlation  of  the  Kinderhook  formations  of 

southwestern  Missouri. 
Jour.  Geol.,  vol.  9,  pp.  i:50-14S,  1901. 

Reviews  recent  correlation  of  these  strata  and  describes  the  occurrence 
and  faunas  of  the  several  formations  which  make  up  the  Kinderhook 
group. 

802 [Review  of   ''The  OrLskany   fauna  of  Becraft  Mountain, 

Columbia  Co.,  N.  V./'  by  J.  M.  Clarke.] 
Jour.  Geol.,  vol.  9,  pp.  278-279,  1901. 

803 [Review  of  the  University  Geological  Suney  of  Kansas,  vol. 

4,  Paleontology,  Part  II,  by  Samuel  \V.  Williston]. 
Jour.  Geol.,  vol.  9,  pp.  362-36:3,  1901. 

804 Kinderhook  faunal  studies.     III.  The  faunas  of  l>eds  No.  3 

to  No.  7  at  Burlington,  Iowa. 

St.  Louis  At^d.  Soi.,  Trans.,  vol.  11,  pp.  147-214,  pis.  12-20,  1901. 
Describes  species  collei"te<l  from  the  various  beds  and  discusses  the 
correlations. 

805 A  preliminarA'  report  on  the  Paleozoic  f oimations  of  the  Kit- 

tatinny  Valley  in  New  Jersey. 
N.  J.  Geol.  Surv.,  Ann.  Kept,  for  1900,  pp.  1-8,  1901. 
Describes  the  character  and  occurrence  of  the  subdivisions  of  the  Cam- 
brian and  Ordovician  strata  in  New  Jersey. 

806 Kummell  (Henry  B.)  and.     Paleozoic  limestones  of  Kitta- 

tinuA^  Valley,  New  Jersey. 

See  Kummel  (H.  B.)  and  Weller  ^S.),  457. 

807 Smith  (James  Perrin)  and.     Prodroraites,  a  new  ammonite 

genus  from  the  Lower  Carlx)niferous. 
See  Smith  (J.  P.)  and  Weller  (Stuart),  711. 

808  Wells  (Hoi-ace  L.).     Sperrylite,  a  new  mineral. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog.,  pp. 
151-156,  1901.     (From  Am.  Jour.  Si-i.,  vol.  37,  pp.  67-70,  1889.) 

809  : On  the  composition  of  ix)llucite  and  its  occurrence  at  Hebron, 

Me. 

Yale  Bicentennial  publications.  Cont.  to  Mineral,  and  Petrog.,  pp. 
183-192,  1901.     (From  Am.  Jour.  Sci.,  vol.  41,  pp.  213-220,  1891.) 
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809a  Wliite  (David).     Two  new  species  of  Algae  from  the  Upper  Silu- 
rian of  Indiana. 
U.  S.  Nat.  Mus.,  Proc.,  vol.  24,  pp.  265-270,  pis.  xvi-xviii,  1901 

810 Age  of  the  coals  at  Tipton,  Blair  County,  Pennsylvania. 

Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  473-477,  1901. 
Describee  the  occurrence,  character  and  structure  of  the  strata  associ- 
ated with  the  coals  and  discusses  their  age  as  indicated  by  the  fossil  flora. 

811 [Review  of  "Etude  sur  la  flore  fossile  du   basin   houiller 

d'Hemcl^e  (Asie  Mineure)"  by  R.  Zeiller.] 
Jour.  Geol.,  vol.  9,  pp.  192-198,  1901. 

812 Mr.  Lacoe's  relation  to  science. 

Wyoming  Hist,  and  Geol.  Soc.,  Proc.  and  Coll.,  vol.  6,  pp.  55-60, 1901. 
Gives  an  account  of  his  geologic  and  paleontologic  labors. 

813 The  Canadian  species  of  the  genus  Whittlaseya  and  their  sys- 
tematic relations. 
Ottawa  Nat,  vol.  15,  pp.  98-110,  pi.  7,  1901. 

Describes  the  occurrence,  relation,  systematic  position  and  characters 
of  the  species. 

814 Some  paleobotanical  aspects  of  the  Upper  Paleozoic  in  Nova 

Scotia. 
Can.  Rec.  Sci.,  vol.  8,  pp.  271-280,  1901. 

Discusses  the  bearing  of  the  paleobotanical  data  on  the  age  of  certain 
beds  in  Nova  Scotia. 

815  Wliite  (I.  C).     Second  edition  of  the  geological  map  of  West 
Virginia. 
Am.  Geol.,  vol.  28,  pp.  32«^329,  1901. 
Gives  a  brief  description  of  the  map. 

816 Geology  of  Vfest  Virginia.     [Paper  read  before  the  Interna- 
tional Mining  Congress,  Boise,  Idaho,  June,  1901.] 
Mines  and  Minerals,  vol.  22,  pp.  153-155,  1901. 

Descril)es  briefly  the  character  and  succession  of  the  sedimentary 
strata  of  the  State. 

817  Wliite  (Mark).      Geology  of  the  Glass  Mountains  of  western 

Oklahoma. 
Kans.  Acad.  Sci.,  Trans.,  vol.  17,  pp.  199-200,  1901. 
Gives  a  section  of  the  Cretaceous  strata. 

818  Wliite  (Theodore  G.).     [Faunas  of  the  Lower  Ordovician  at  Glens 

Falls,  N.  Y.] 
Abstract:  Am.  Geol.,  vol.  27,  p.  43  (i  p.),  1901. 
Gives  results  of  the  author's  detaileil  studies. 

819  Wliiteaves  (J.  F.).     Description  of  a  new  species  of  Unio  from 

the  Cretaceous  rocks  of  the  Nanaimo  coal  field.     Vancouver 
Island. 
Ottawa  Nat.,  vol.  14,  pp.  177-179,  1  fig.,  1901. 
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820  ^Vhiteaves  (J.  F.).    Note  on  a  supposed  new  species  of  Lytm^eras 

from  the  Cretaceous  roi^ks  at  Dennian  Island  in  the  Strait 
of  Georgia  [Canada], 
Ottawa  Nat.,  vol.  15,  pp.  31-32,  1901. 

821  "Wliitehead  (Cabell),  Chatard  (T.  M.),  and.     An  examination  of 

the  ores  of  the  Republic  Mine,  Washington. 
See  Chatard  (T.  M.)  and  Whitehead  (C),  125. 

822  "Wliitfleld  (R.  P.)  assisted  by  Hovey  (E.  O.).     Catalogue  of  the 

types  and  figured  specimens  in  the  paleontological  collec- 
tion of  the  geological  department,  American  Museum  of 
Natural    History;    Lower    Carboniferous    to    Pleistocene 
inclusive. 
Am.  Mu8.  Nat.  Hist.,  Bull.,  vol.  11,  pt.  4,  pp.  357-500,  1901. 

823  ^Vhitfield  (R.  P.).     Note  on  a  very  fine  example  of  Helicoceras 

Stevenson  i  preserving  the  outer  chamber. 
Am.  Mils.  Nat.  Hist.,  Bull.,  vol.  14,  p.  219,  pi.  30,  1901. 

824  Wieland  (G.  R.).     A  study  of  some  American  fossil  Cycads. 

Part  IV.  On  the  microsporangiate  fructification  of  Cyca- 
deoidea. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  423-436,  figs.  1-3,  1901. 

Continues  the  description  of  the  author's  studies  of  the  fructification 
of  Cycadeoidea,  which  appeared  in  the  American  Journal  of  Science 
for  March,  1899. 

825  Williams  (E.  H.,  jr.).     The  alleged  Parker  channel.     [Pennsyl- 

vania.] 
Geol.  Soc.  Am.,  Bull.,  vol.  12,  p.  463,  1901. 
Describes  abandoned  channel  of  Allegheny  River. 

826  Williams  (Henry  Shaler).     The  discrimination  of  time  values  in 

geology. 

Jour.  Geol.,  vol.  9,  pp.  570-585,  1901. 

Discusses  the  criteria  upon  which  the  classification  of  strata  should 
depend  and  proposes  a  plan  of  a  biochronic  classification  and  nomencla- 
ture. 

827 Points  involved  in  the  Siluro-Devonian  boundary  question. 

Abstract:  Geol.  Soc.  Am.,  Bull.,  vol.  12,  pp.  472-473,  1901. 
Gives  brief  summary  of  questions  in  dispute. 

828 [Reviews  of  "The  Eocene  deposits  of  Maryland"  and  "Sys- 
tematic paleontology;"  "Annual  Report  of  the  Geological 
Survey  of  Arkansas,  1892,  Vol.  V;"  "Summary  report  on 
the  operations  of  the  Geological  Survey  of  Canada"  by 
G.  M.  Dawson;  and  "A  revision  of  the  genera  and  species 
of  Canadian  Paleozoic  Corals — The  Madrepoi*aria  aporosa 
and  the  Madreporaria  rugosa"  by  L.  M.  Lambe.] 
Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  77-80,  1901. 
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829 'WiUiams  (Henry  Shaler).  [Reviews  of  "Geological  Survey  of 
Canada^  new  series,  vol.  11;"  "Geological  and  Natuml 
History  Survey  of  Minnesota,  Final  Report,  vol.  6;"  "Iowa 
Geological  Survey,  vol.  11;"  and  "  Dragons  of  the  air,  an 
account  of  extinct  flying  reptiles"  by  H.  G.  Seeley.] 
Am.  Jour.  8ci.,  4th  ser.,  vol.  12,  pp.  394-398,  1901. 

830  'WlUmott  (A.  B.).     The  Michipicoten  Huronian  area. 

Am.  Geol.,  vol.  28,  pp.  14-19,  pi.  8,  1901. 

Deecribes  the  occurrence  of  the  igneous  and  sedimentary  rocks  of  the 
region  and  discusses  the  stratigraphic  succession  and  age  of  the  sedi- 
ments. 

831  Willis  (Bailey).     Paleozoic  Appalachia  or  the  history  of  Mary- 

land during  Paleozoic  time. 

Md.  Geol.  Surv.,  Special  Publication,  vol.  4,  pt.  1,  pp.  1-93,  pis.  i-xii, 
fig.  1,  1900. 

Describes  the  processes  of  erosion,  sedimentation  and  deformation,  and 
discusses  the  Paleozoic  history  of  Maryland  and  adjacent  States. 

832 Individuals  of  stratigraphic  classification. 

Jour.  Geol.,  vol.  9,  pp.  557-669,  1901. 

Discusses  the  discrimination  of  formations  by  lithologic  criteria  and 
the  determination  of  faunal  and  time  divisions. 

833 Thomas  Benton  Brooks. 

Science,  new  ser.,  vol.  13,  pp.  460-462,  1901. 
Gives  an  account  of  his  life  and  geologic  researches. 

834 Oil  of  the  northern  Rocky  Mountains. 

Eng.  and  Mg.  Jour.,  vol.  72,  pp.  782-784,  3  figs.,  1901. 
Describes  the  stratigraphy  and  structure  of  the  region  and  the  prob- 
able occurrence  of  oil. 

835 Smith  (George  Otis)  and.     The  Clealum  iron-ores,  Wash- 
ington. 

See  Smith  (G.  O.)  and  WilUs  (B.),  709. 

836  Williston  (S.  W.).     The  dinosaurian  genus  Creosaurus,  Marsh. 
Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  111-114,  fig.  1,  1901. 
Reviews  previous  descriptions  and  describes  new  material. 

837 A  new  turtle  from  the  Kansas  Cretaceous. 

Kans.  Acad.  Sci.,  Trans.,  vol.  17,  pp.  195-199,  pis.  18-22,  1901. 
Describes  Porthochelys  laticeps,  n.  gen.  et  sp. 

838  ^Wilson  (Alfred  W.  G.).     The  Medford  dike  area  [Massachusetts]. 
Boston  Soc.  Nat.  Hist,,  Proc.,  vol.  30,  pp.  353-374,  pis.  1-4,  1901. 
Describes  the  petrographic  characters  of  the  crystalline  rocks  and  the 
glacial  phenomena  of  the  region.     Includes  a  bibliography  and  geologic 
map. 

839 Physical  geology  of  central  Ontario. 

Can.  Inst.,  Trans.,  vol.  7,  pp.  139-186,  8  pis.,  10  figs.,  4  maps,  1901. 

Describes  the  character  of  the  pre-sedimentary  floor  of  the  region, 
the  characters  of  the  Paleozoic  series,  its  poet-Paleozoic  history,  and  the 
glacial  phenomena. 
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840  1771100X1  (Herbert  M.).     Porto  Rico;  its  topography  and  aspects. 

Am.  Geog.  Soc.,  Buil.,  vol.  32,  pp.  220-2:«,  with  map,  1900. 
Describes  physiography  of  the  island. 

841 1771x1011611  (Alexander  N.).  fitude  min^ralogique  et  p^trogra- 
phique  des  roches  gabbroTques  de  TEtat  de  Minnesota, 
£tats-Unis,  et  plus  sp^cialement  des  anorthosites. 

Paris.    164  pp.,  1900.     (Not  seen.) 

Abstract:  Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  p.  89  (J  p.),  1901. 

842 Note  on  certain  copper  minerals. 

Am.  Geol.,  vol.  28,  pp.  244-246, 1901. 

Describes  occurrence  of  chalcopyrite  and  bomite  at  Butte,  Mont. 

843  Wlxxohell  (Newton  H.).     Glacial  lakes  of  Minnesota. 
Geol.  Soc  Am.,  Bull.,  vol.  12,  pp.  109-128,  pi.  12, 1901. 
Describes  the  retreat  of  the  ice  sheets  and  the  ot*currence  of  the 
several  glacial  lakes  of  the  region. 

844 [Reviews  of  *'A  Text-book  of  important  minerals  and  rocks, 

with  tables  for  the  determination  of  minerals,"  by  S.  E. 
Tillman,  and  "The  progress  of  Mineralogy  in  1899,  an 
analytical  Catalogue  of  the  contributions  to  that  series 
during  the  year,"  by  S.  H.  Hamilton  and  J.  R.  Withron, 
and  ''  New  species  of  Cambrian  fossils  from  Cape  Breton," 
by  G.  F.  Matthew]. 
Am.  Geol.,  vol.  27,  pp.  48-49,  1901. 

845 [Review  of  "La  Face  de  la  Terre"  (Das  Antlitz  der  Erde), 

by  Iki.   Suess,  and  Bulletin  of  the  Hadley  laboratory  of 
the  University  of  New  Mexico,  vol.  2,  pt.  1]. 
Am.  Geol.,  vol.  27,  pp.  56-59, 1901. 

846 [Review  of  Bulletin  No.  4  of  the  South  Dakota  School  of 

Mines]. 
Am.  Geol.,  vol.  27,  p.  124  (J  p.),  1901. 

847 [Reviews  of  "Profiles  of  Rivers  in  the  United  States,"  by 

Henry  Gannett,  and  "Guide  to  the  Geology  and  Paleon- 
tology of  Niagara  Falls  and  vicinity,"  by  A.  W.  Grabau]. 
Am.  Geol.,  vol.  28,  pp.  56-57, 1901. 

848 [Reviews  of  "Die  Ursachen  der  Oberflachengestaltung  des 

norddeutschen  Flachlandes,"  by  Dr.  F.  Wahnschaffe; 
"Geologischer  Fuhrer  durch  Campanien,"  by  Dr.  W. 
Deecke;  "The  Coal  and  Metal  miner's  pocketbook  of  prin- 
ciples, rules,  formulas,  and  tables;"  and  "Report  on  the 
geology  of  the  Philippine  Islands,"  by  George  F.  Becker.] 
Am.  Geol.,  vol.  28,  pp.  123-127,  1901. 
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849  WincheU  (Newton  H.).     The  Archean  of  the  Alps. 

Am.  GeoL.  vol.  28,  pp.  189-200,  1901. 
Reviews  paper  by  Duparc  and  Mrazec 

850 Edward  Waller  Claypole. 

Am.  Geol.,  vol.  28,  pp.  247-248,  1901. 
Gives  a  sketch  of  the  life  of  Prof.  Claypole. 

851 The  origin  of  Austmlian  iron  ores. 

Am.  Geol.,  vol.,  18,  pp.  248-260,  1901. 

Reviews  paper  by  J.  B.  Jaquet  on  "The  iron-ore  deposits  of  New 
Soath  Wales,"  and  compares  them  with  certain  deposits  in  the  State  of 
Washington. 

852 1  Re  views  of  '^  Geology  and  water  resources  of  Nez  Perce 

County,  Idaho"  by  I.  C.  Russel;  *' Contributions  to  miner- 
alogy and  petrography,"  edited  by  S.  L.  Penfield  and  L.  V. 
Pirsson;  ''Preliminary  report  on  the  copper-bearing  rocks 
of  Douglas  County,  Wisconsin,  containing  a  preliminary 
report  on  the  copper-bearing  rocks  of  parts  of  Washburn 
and  Bayfield  Counties,"  2d  edition,  by  U.  S.  Grant;  and 
"An  investigation  of  the  buried  valley  of  Wyoming"  by 
William  Griffith.] 
Am.  GeoL,  vol.  28,  pp.  319-324,  1901. 

853 Fundamental  changes  in  the  Archean  and  Algonkian,   as 

understood  by  Prof.  Van  Hise,  of  the  United  States  Geo- 
logical Survey. 
Am.  Geol.,  vol.  28,  pp.  385-388,  1901. 
Reviews  a  recent  paper  by  Prof.  Van  Hise. 

854  Withro^wr  (James  R.),  Hamilton  (S.  Harbert)  and.    The  progress 

of  mineralogy  in  1899,  an  analytical  catalogue  of  the  con- 
tributions to  science  during  the  year. 
See  Hamilton  (8.  H.)  and  Withrow  (J.  R.),  337. 

855  Wood  (Elvira).     Marcellus  (Stafford)  limestones  of  Lancaster, 

Erie  County,  N.  Y. 

N.  Y.  State  Mus.,  Bull.  No.  49,  pp.  139-181,  fig.  1,  pi.  9,  1901. 

Describes  their  stratigraphic  relations  and  litbologic  and  faunal 
characters. 

856 A  new  crinoid  from  the  Hamilton  of  Charlestown,  Indiana. 

Am.  Jour.  ScL,  4th  ser.,  vol.  12,  pp.  297-300,  pi.  v,  fig.  1,  1901. 
Describes  Gemnnseocrinus  carinatus  n.  sp. 

857  Wood^wrorth  (Jay  Backus).     Original  micaceous  cross-banding 
of  strata  by  current  action. 
Am.  Geol.,  vol.  27,  pp.  281-283,  figs.  1-2,  1901. 

De8cril)e8  the  phenomena  (xx^urring  in  glacial  sand  of  Massachusetts 
and  refers  to  descriptions  of  somewhat  similar  occurrences. 
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858  Wood^c^orth  (J.  Backus).     Pleistocene  geology  of  portions  of 

Nassau  of  Queens  County  and  Borough  [New  York]. 

N.  Y.  State  Mus.,  Bull.  No.  48,  pp.  618-670,  pis.  1-9,  figs.  1-9,  1901. 

Describes  the  physiography  and  character  and  occurrence  of  the 
Pleistocene  strata  of  the  region.  Includes  a  summary  of  glacial  history 
and  bibliography. 

859  Woolman  (Lewis).     Artesian  wells.     [New  Jersey.] 

N.  J.  Geol.  Surv.,  Ann.  Kept  for  1900,  pp.  103-171,  1901. 
Gives  sections  of  many  artesian  wells. 

860  Wortman  (J.  L.).     A  new  American  species  of  Amphicyon. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  11,  pp.  200-204,  figs.  A  and  B,  1901. 
Describes  the  characters  of  the  skull  and  the  relations  of  the  Amphi- 
cyon group. 

861  Studies  of  Eocene  Mammalia  in  the  Marsh  Collection,  Pea- 

body  Museum. 

Am.  Jour.  Sci.,  4th  sen,  vol.  11,  pp.  33:^-348,  pi.  v,  figs.  1-6,  pp.  437- 
450,  pi.  vi,  figs.  7-17,  1901. 

Discusses  the  relations  of  the  Camivora  and  Creodonta,  and  describes 
the  characters  of  some  forms  of  Canidse,  including  a  few  new  8])ecies. 

862 Studies  of  Eocene  Mammalia  in  the  Marsh  Collection,  Pea- 
body  Museum. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  143-154,  figs.  18-30,  1901. 
Describes  Viverravus  Marsh,  V.  gracilis  Marsh,  minutus  n.  sp.,  and 
Oodectes  herpestoides  n.  gen.  et  sp. 

868 Studies  of  Eocene  Mammalia  in  the  Marsh  Collection,  Pea- 
body  Museum. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  193-206,  figs.  31^3,  1901. 

Continues  description  of  Oodectes  herpestoides  n.  sp.,  and  describes 
Triacodon  fallax  Marsh,  Ziphacodon  rugatus  Marsh,  Harpalodon  sylves- 
tris  Marsh,  Aelurotherium  latidens  Marsh,  and  Ae.  bicuspis  n.  sp. 

864 Studies  of  Eocene  Mammalia  in  the  Marsh  Collection,  Pea- 
body  Museum. 

Am.  Jour.  Si!i.,  4th  ser.,  vol.  12,  pj).  281-296,  pis.  1^,  fig.  44,  1901. 

Gives  the  important  charat^ters  by  which  the  Creodonta  are  distin- 
guished from  the  Camassidentia,  and  descril)e8  Harpagolestes  macro- 
cephalus  n.  gen.  et  sp.,  and  Dromocyon  vorax  Marsh. 

865 Studies  of  Eocene  Mammalia  in  the  Marsh  Collection,  Pea- 
body  Museum. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  12,  pp.  377-382,  figs.  45-48  and  421-432, 
pis.  8-9,  figs.  49-00,  1901. 
Continuous  description  of  Droinycyon  vorax  Marsh. 

866  Wright  (G.  F.).     Geology  and  the  deluge. 

McClure's  Mag.,  vol.  17,  pp.  124-139,  June,  1901.     (Not  seen.) 
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A    flightless  auk,    Mancalla    califomiensis, 

Lucas,  504a. 
Age  of  granites  in  the  Klamath  Mountains, 

Hershey,  363. 
A  new  Californian  Bittium,  Dall  and  Bartsch, 

189. 
Auriferous  gravels.  Table  Mountains  of  Cali- 
fornia, Hanks,  838. 
Berkeley  Hills,  Lawson  and  Palache,  484a. 
Border  line  between  the  Paleoioic  and  Meso- 

zoic.  Smith,  710. 
Feldspar-corundum     rocks     from     Plumas 

County.  Lawson,  482. 
Type  of  auriferous  deposit,  Hershey.  367. 
Composition  of  California  petroleum,  Mabery 

and  Hudson.  507. 
Contribution   to  mineralogy  of  California, 

Blasdale,  66. 
Drainage  features  of  California,  Lawson,  483. 
Erosion  on  the  Pacific  coast,  Holder,  384. 


Oalifbmla— Continued . 

Geology  of  Salinas  Valley,  Nutter,  570. 
Geology  of  the  Great  Basin,  Turner,  744. 
Geomorphogeny  of  Klamath  Mountains,  Dil- 
.  ler,  230. 
Metamorphic    formations  of    northwestern 

California,  Hershey,  362. 
Neocene  basins  of  Klamath  Mountains,  An- 
derson, 31. 
Occurrence  of  platinum.  Day,  226. 
Oil  fields  of  California,  Lakes,  470. 
On  northupite,  pirssonite,  etc,  Pratt,  628. 
Origin  and  occurrence  of  petroleum.  Cooper, 

163. 
Pedaloglcal  geology  of  California.  Hilgard, 

869. 
Petroleum  in  California,  Claypole,  149. 
Remarkable  salt  depodt.  Holder,383. 
Sierra  Madre,  near  Pasadena,  Claypole,  150. 
Subsidence  of  Santa  Catalina,  Ritter,  653. 
Cambrian. 
Appalachian  region. 
Geolc^c  relations  of  the  iron  ores  in  the  Car- 

tersville  district,  Hayes,  355. 
Maynardville  folio,  Keith,  411. 
Paleoaoic  limestones  of  Kittatinny  valley, 

Kummel  and  Weller,  457. 
Preliminary  report  on  the  Paleozoic  forma- 

Uons,  Weller,  805. 
Canada. 
Geological  record  of  Rocky  Mountain  region, 

Dawson,  224. 
Geology  of  Yellow  Head  Pass  route,  McEvoy, 

516. 
Subdivisions  of  the  Cambrian  system,  Ami,  26. 
Synopsis  of  geology  of  Canada,  Ami,  15. 
Great  Basin  region. 
Evidences  of  shallow  seas  in  Paleozoic  time, 

Blake,  63. 
Geology  and  vein  phenomena  of  Arizona, 

Comstock,  161. 
Geology  of  Arizona,  Blake,  62. 
Mississippi  VaUey  region. 
Cambrian  fossils  of  St.  Francis  Co.,  Beecher, 

52. 
Relations  and  age  of  the  St.  Joseph  and  Potosi 

limestones,  Nason,  561. 
New  England  and  New  York. 

Geology  of  Rand  Hill.  Cushing,  185. 
Rocky  Mountain  region. 

Geology  of  Black  Hills,  Darton,  198. 
Southvrstem  region. 
Nomenclature  of  the  Cambrian  formations 

of  the  St.  Francois  mountains,  Keyes.  429. 


Alberta. 

Geology  of  Yellow  Head  Pass  route,  McEvoy, 
616. 

Lake  basins  in  Alberta  and  British  Columbia, 
Parkinson,  687. 
British  Columbia. 

Auriferous  deposits  of  Vancouver  Island,  Wat- 
son, 792. 

Coal  Creek  colliery  of  Crows  Nest  Pass,  Cor- 
less,  164. 

Geology  of  Yellow  Head  Pa»s  route.  McEvoy, 
516. 
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Canad* — Continued. 
British  Oo/umftio— Continued. 
Lake  basins  in  Alberta  and  British  Columbia, 

Parkinson.  587. 
New  species  of  Unio,  Whiteaves,  819. 
Observations  on  glaciers.  Vaux,  770. 
Pioneer  work  in  Crows  Nest  coal  areas,  Blake- 
more,  65. 
Texada  Island,  Brewer,  77. 
Cape  Breton  Island. 
Preliminary  notice  of   Etchemiuian   fauna, 
Matthew,  580. 
Labrndor. 
Exploration  of  the  south  shore  of  Hudson 
Strait,  Low,  499. 
iianUoba, 

Geography  of  Red  River  Valley,  Dowling,  237. 
SevD  Brunswick. 
Are  the  St.  John  plant  beds  Carboniferous? 

Matthew,  535. 
Carboniferous  basin  of  New  Brunswick,  Ells, 

Devonian   of   the  Acadian  provinces,  Ma^ 
thew,  533. 

Geological  correlations,  Bailey,  37. 

Trjpolite  deposits  of  Fitzgerald  Lake,  Cros- 
by. 174. 
Sora  Scotia. 

A  new  geological  formation  in  the  Devonian, 
Ami,  16. 

Description  of  tracks  from  the  Knoydart  for- 
mation. Ami,  12. 

Devonian  of  Canadian  provinces,  Ells.  259. 

Knoydart  formation  of  Nova  Scotia,  Ami,  20. 

Minerals  of  Nova  Scotia.  Gilpin,  2W. 

Paleobotanical  aspects  of  the  Upper  Paleozoic, 
White,  814. 

Physiography  of  Acadia,  Daly,  190. 

Potter's  clay  at  Middle  Musquodoboit,  Mason, 
628. 

West  Gore  antimony  deposits,  Asquith,  33. 
Ontario. 

Ancient  channels  of  Ottawa  River,  Ells,  260. 

Ancient  drainage  at  Niagara  Falls,  Currie,  183. 

Areas  of  nepheline-syenite,  Miller,  550. 

Geological  notes,  etc.,  Grant,  312. 

Glacial  beds  near  Toronto.  Coleman,  152. 

Glacial  phenomena  in  eastern  Ontario,  Tay- 
lor, 738. 

Lytoceras  from  the  Cretaceous  rocks,  White- 
aves,  820. 

Iron-ore  fields  of  Ontario.  Miller,  552. 

Iron  ores  of  Nipissing  district.  Miller,  551. 

Iron  ranges  of  the  Lower  Huronian,  Cole- 
man, 155. 

Lists  of  organic  remains  in  the  geological  for- 
mations of  the  Ottawa  district,  Ami,  13. 

Marine  and  freshwater  beaches.  Coleman,  153. 

Michipicoten  Huronian  area,  Willmott,  830. 

Niagara  Falls  as  an  index  of  time,  Grant,  311. 

Opening  address,  geologic  section,  Grant,  310. 

Physical  geology  of  central  Ontario,  Wilson, 
839. 

See  beaches  of  eastern  Ontario,  Coleman,  156. 

Sperrylite,  Wells,  808. 

Stratigraphical  note.  Ami,  22. 

Vermilion  River  placers,  Coleman,  IcA. 


Canadar-Continucd. 
Quebec. 
Amygdaloidal  trap  rock,  Dresser,  240. 
Eboulement  k  Saint-Luc-de-Vincennes,  La- 

flamme,  460. 
Geology  of  Rigaud  Mountain,  Le  Roy,  492. 
Geology  of  the  Paleozoic  basin,  Ells,  257. 
Geology  of  the  Three  Rivers  map  sheet.  Ells, 

256. 
Gold-bearing  alluvions  of  Quebec,  Chalmers, 

123. 
Helderbergiau  fossils  near  Montreal,  Schu- 

chert,  682. 
Hornblende  lamprophyre  dike  at  Richmond, 

Dresser.  239. 
Magnetic  iron  sand   of   the   St.  Lawrence, 

Obalski,  572. 
Modifications  remarquables  causees  d,  Vem 

bouchure  de  la  Riv^re  Ste.-Anne,  Laflamme, 

459. 
Petrography  of  Mount  Orford,  Dresser,  241. 
Petrography  of  Shefford  Mountain,  Dresser, 

242. 
Shore  lines  and  landslips  of  St.  Lawrence  Val 

ley,  Chalmers,  122. 
Was  Mount  Royal  an  active  volcano?  Buchan, 

93. 
General. 
Addenda  and  corrigenda  to  progress  of  geo- 
logical work  in  Canada  during  1899,  Ami 

17. 
Composition  of  Canadian  limestone,  Donald, 

233. 
Exploration   of   northern   side   of    Hudson 

strait,  Bell,  57. 
Genera  and  species  of  Canadian  Paleozoic 

corals.  Lambe,  479. 
Geological  record  of  Rocky  Mountain  region, 

Dawson,  224. 
Geology  of  principal  cities  in  eastern  Canada, 

Ami,  14. 
Geology  of  west  shore  of   Lake  Winnipeg, 

Dowling,  236. 
Les  plus  anciennes  faunes  Pal^zoiques.  Mat- 
thew, 536. 
Mineral  statistics,  Ingall,  401. 
New  mineral  occurrences  in  Canada,  Hoff- 
man. 381. 
Physical  hIstor>'  of  Rocky  Mountain  region, 

DawFOn,  225. 
Published    writings    of    Elkanah    Billings, 

Walker.  775. 
Report  of  section  of  chemistry  and  mineral- 
ogy, Hoffman,  380. 
Report  on  parts  of  Manitoba  and  Kecwatin, 

Tyrrell.  747. 
Silurian  and  Devonian  formations  of  eastern 

Canada,  Ami,  25. 
Subdivisions  of  the  Cambrian  system.  Ami, 

26. 
Synopsis  of  geology  of  Canada,  Ami,  15. 
Whittleseya  and  their  systematic  relations, 

White,  813. 
Oarboniferoua. 
Appalachian  region. 
.\ge  of  the  coals  at  Tipton,  Pennsylvania, 

White,  810. 
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Oarlwnlferous— Con  tinued. 
Appalachian  region — Continued. 
Charleston  folio,  Campbell.  105. 
Classification  of  the  Waverley  series,  Prosser, 

629. 
Maynardvllle  folio,  Keith,  411. 
Paleozoic  formations  of  Alleghany  County, 

Prosser,  681. 
Use  of  the  term  Bedford  limestone,  Prosser, 

630. 
Waverley  group  in  Ohio,  Girty,  295. 
Canada. 
Oeological  record  of  Rocky  Mountain  region, 

Dawson,  224. 
Synopsis  of  geology  of  Canada,  Ami,  15. 
Qreat  Bofin  region. 
Geology  and  vein  phenomena  of  Arizona, 

Comstock,  161. 
Geology  of  Arizona,  Blake,  62. 
QrecU  Plains  region. 
Oklahoma  salt  plains,  Gould,  303. 
Southern  extension  of  the  Marion  and  Wel- 
lington formations,  Gould,  302. 
MissijsHppi  V^aUey  region. 
Correlation  of  the   Clarinda   well   section, 

Keyes,  434. 
Correlation  of  the  Kinderhook  formations, 

Weller,  801. 
Crinoidal  horizon  in  the  Upper  Carbonifer- 
ous, Keyes,  436. 
Depositional     measure     of     uncomformity, 

Keyes,  422. 
Geology  of  Louisa  County,  Iowa,  Udden,  748. 
Geology  of  Marion  County,  Miller,  548. 
Geology  of  Page  County,  Iowa,  Calvin,  100. 
Geology   of    Pottawattamie  County,   Iowa, 

Udden,  749. 
Kansas  coal  mining,  Crane,  168. 
Oil  and  gas  fields  of  western  interior  and  Gulf 

coast,  Adams,  7. 
Schematic  standard  for  the  American  Car- 
boniferous, Keyes,  431. 
Stratigraphical  location  of  trans-Mississippian 

coals,  Keyes,  439. 
Time  values  of  provincial  Carboniferous  ter- 

ranes,  Keyes,  433. 
Hocky  Mountain  region. 

Geology  of  Black  Hills,  Darton,  198. 
SontAwettem  region. 
Age  of  Red  Beds,  Adams,  6. 
Age  of  the  Red  Beds,  Beede,  56. 
Arkansas  and  Indian  Territory  coals,  Keyes, 

438. 
Colgate  folio,  TafT,  736. 
Depositional  measure  of  unconformity,  Keyes, 

422. 
Fossils  from  the  Red  Beds,  Gould,  297. 
Geology  ot  Seminole,  Creek,  Cherokee,  and 

Osage  nations,  Gould,  298. 
Kansas-Oklahoma-Texas  gypsum  hills,  Gould, 

300. 
Texas  petroleum,  Phillips,  608. 
Oeneral. 
Bedford  as  a  formation  name.  Cumings,  178. 
Depositional  measureof  unconformity,  Keyes, 

436. 


OarbonifBroua — Continued. 
Gcn«ra/— Con  ti  nued . 
Names  for  the  formations  of  the  Ohio  coal 

measures,  Prosser,  682. 
Use  of  the  term  Bedford  limestone,  Sleben- 

thal,  698. 
Ohemloal  analyses. 
Albite,  Blasdale,  66. 
Altaite,  Eakle,  250. 

Amphibolite-pyroxene  rocks.  Turner,  745. 
Amphibolite-schist,  Lindgren,  495. 
Amblygonite,  Penfleld,  594. 
Andesite,  Gregory,  322. 
Andesite,  Lawson  and  Palache,  484a. 
Arkite,  Washington,  783,  784. 
Augite-dioritc,  Dresser,  242. 
Augite-syenite,  Peck,  590. 
Augite-syenite,  Cross,  176. 
Ba^lt,  Lawson  and  Palache,  484a. 
Bastnasite  and  tysonite,  Allen  and  Comstock, 

11. 
Bauxite,  Watson,  788. 
Biotite-granlte,  Spurr,  724. 
Biotite-ijoHte,  Washington.  788. 
Biotlte-rhyolite,  Spurr,  724. 
Bixbylte,  Penfleld  and  Foote,  698. 
Calcite  strontium,  Chester,  136. 
Celestite,  Hoffman,  880. 
Chalcopyrit^,  Winchell,  842. 
Childrenite,  Penfleld,  693. 
Chlorite,  Bla.«dale,  66. 
Clay,  Mason,  628. 
Clay-slate.  Lindgrren,  495. 
Clays,  Buckley,  94. 

Cllnohedrite,  Penfleld  and  Foote,  599. 
Coquimbite,  Eakle,  250. 
Covite,  Washington,  783,  784. 
Cymatolite,  Brush  and  Dana,  91. 
Datolite,  Eakle,  250. 
Datolite,  HofTmann,  882. 
Deweylite,  Chester,  136. 
Diabase,  Lindgren,  495. 
Dickinsonite,  Brush  and  Dana.  88. 
Diopside,  Bla.sdale,  66. 
Diorite,  Cross.  176. 
Diorite.  Leonard,  491. 
Diorite-porphyry,  Cross,  176. 
Dolomite,  Knight,  445. 
Dolomite.  Newland,  565. 
Eosophorite,  Brush  and  Dana,  88,  90. 
Esmeraldaite,  Eakle,  250. 
Essexite,  Dresser,  242. 
Essexite,  Washington,  783. 
Fairfleldite.  Brush  and  Dana,  89. 
Fillowite,  Brush  and  Dana,  89. 
Foyaite.  Washington,  783,  784. 
Ganomalite,  Penfleld  and  Warren,  603. 
Glaucochroite,  Penfleld  and  Warren.  608. 
Glaucophane  schists,  Washington,  786. 
Gneiss,  Lindgren,  495. 
Gneiss,  Watson,  787. 
Gold  ores.  Chatard  and  Whitehead.  135. 
Granite,  Hawes,  349. 
Granite,  Leonard,  491. 
Granite,  Lindgren,  495. 
Granite,  Spurr,  724. 
Granite,  Watson,  787,  789,  791. 
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Obemloal  analyse*— Continaed. 
Omno-diorite.  lindgren,  495. 
Hamlinite.  Penfleld,  507. 
Hancockite.  Penfleld  and  Warren,  60S. 
Hankflite.  Pratt.  623. 
Hornblende,  Blaadale,  66. 
Homblende-biotite-quartJHliorlte,  Spurr,  724. 
Homblende-quarts-anderite,  Sparr,  724. 
Hornblende-syenite,  Le  Roy,  492. 
Homblendfte,  Tnmer.  745. 
Habnerite,  Hoffmann,  880. 
Hydromagnesite,  Hoffmann,  880. 
Hydromagnesite,  Newland,  565. 
IJolite,  WaBhington,  783,  784. 
Iron,  Courtis,  165. 
Iron  ore,  Hoffmann,  880. 
Iron  ore,  Obalaki,  bTL 
Jacupirangite,  Washington,  783,  784. 
Kryptoperthite.  Dremer,  242. 
Labrador! te  rock,  Dana,  192. 
Ledouxlte,  Richards,  645. 
LepidoUte,  Hoffmann,  881. 
Lencophoeniclte,  Penfleld  and  Warren,  608. 
Limestone,  Donald,  288. 
Limestone,  Hoffmann,  880. 
Limestone,  Knmmel,  455. 
Limestone,  Nichob,  566. 
Limestone,  Russell,  662. 
Limestone,  Siebenthal,  701. 
Limonfte,  Newland,  565. 
Litbiophilite,  Bmsh  and  Dana.  88,  90. 
Magnesite,  Newland.  665. 
Marcasite,  Stokes,  729. 
Marl.  Blatchley  and  Ashley,  69. 
Marl,  Davis,  201. 
Marl.  Kummel,  455. 
Meteoric  iron.  Pratt.  621. 
Meteorite,  Merrill,  544a. 
Meteorite.  Merrill  and  Stokes.  546. 
Missdurite,  Washin^n.  788. 
Mohawkite,  Richards,  645. 
Monaonite,  Cross,  176. 
Monionite,  Pir8Bon,617. 
Mordenite,  Pimon,  615. 
Nasonite.  Penfleld  and  Warren,  608 
Natron,  Hoffman,  880. 
Nickel  ore,  Ledonx.  486. 
Nordmarkite,  Dresser,  242. 
Norite,  Leonard,  491. 
Northupite,  Pratt,  628. 
Oil,  Knight  and  Slosson,  450. 
Oil,  Mabery  and  Hudson,  507. 
Oolitic  stone,  Blatchley.  67. 
Pearceite,  Penfleld.  596. 
Pectolite,  Eakle,  250. 
Perknite,  Turner,  745. 
Plmonite,  i^tt,  623. 
PoUudte,  Wells,  909. 
Pulaskite,  Washington,  788,  784. 
Pyrite,  Stokes.  729. 
Pyroxenite,  Turner.  745. 
Pyroxenite,  Washington,  783. 
Quartx-porphyr>',  Le  Roy,  492. 
Quartz-pyroxenUe<llorite,  Llndgren,  495. 
Quariz-syenite-porphyry,  Le  Roy,  492. 
Reddingite,  Brush  and  Dana,  89. 
Rhyolite,  Ordofiez.  578. 


Obemioal  analyses— Continued. 

Rhyolite,  Spurr,  724. 

Roscoelite,  Llndgren,  497. 

SchiHt,  Hoffman,  380. 

Schorlomite,  Hoffmann,  881. 

Serpentine,  Leonard,  491. 

Serpentine,  Lyon,  506. 

Serpentine,  Newland,  565. 

Serpentine.  Smith  and  Willis,  709. 

Shonkinlte.  Pirsson,  616. 617. 

Shonkinite,  Washington,  783. 

Shonkinlte,  Weed  and  Hrsson,  798. 

Spangolite,  Penfleld,  595. 

Spodumene,  Brush  and  Dana,  91. 

Spcrrj-llte,  Wells,  808. 

Syenite,  Dresser,  242. 

Syenite,  Pirsson,  617. 

Syenite,  Weed  and  Pirsson,  798. 

Talc,  Blasdale,  66. 

Tetrahedrite,  Chester,  136. 

Thaumasite,  Penfleld  and  Pratt,  602. 

Theralite,  Washington,  783. 

Tinguaite,  Washington,  783. 

Tremolite,  Blasdale,  66. 

Triploidite,  Brush  and  Dana,  88. 

Tjrsonite,  Allen  and  Comstock,  11. 

Websterite,  Leonard,  491. 

Websterite,  Turner,  745. 

Wellsite.  Pratt  and  Foote,  624. 
(Hassifloatlon. 

Classiflcation  of  geologic  formations  of  Ten- 
nessee, Safford.  665. 

Discrimination  of  time  values  in  geology, 
Williams.  826. 

Dual  clasfiiflcation  required  in  the  nomencla- 
ture of  geological  formations  in  Canada, 
Ami.  27. 

Formations  as  the  basis  for  geologic  mapping, 
Eckle,  253. 
Colorado. 

American  Nettie,  Lakes,  461. 

Bastnasite  and  tysonite,  Allen  and  Comstock, 
11. 

Building  and  monumental  stones,  Lakes,  472. 

Building  stones.  Lakes,  473. 

Cave  ore  deposits.  Lakes,  464. 

Cripple  Creek,  Lakes.  462. 

Cripple  Creek  volcano,  Rickard,  647. 

Curtis  coal  mine.  Lakes,  463. 

Dinosaur  beds  of  the  Grand  River  Valley, 
Riggs.  660. 

Economic  geology.  La  Plata  folio,  Puring- 
ton,  636. 

Economic  geology  of  the  Sllverton  quadran- 
gle, Ransome,  639. 

Geological  occurrence  of  oil,  Lakes,  478. 

Geology  of  Sllverton  quadrangle.  Cross,  177. 

Jurassic  dinosaur  deposits  near  Canyon  City, 
Hatcher,  346. 

La  Plata  folio.  Cross,  176. 

Morrison  formation,  Lee,  487. 

Occurrence  of  limburgite,  Stevens,  728. 

Oil  springs  of  Rio  Blanco  County,  Lakes,  476. 

Plastic  dike  near  Ouray,  Ransome.  640. 

Prospecting  for  oil.  Lakes.  471,  475. 

Spanish  Peaks  folio.  Hills,  374. 

Stratigraphy  of  the  Black  Hills,  Darton,  199. 

Telluride  ores  of  Cripple  Creek  and  Kalgoor- 
lie,  Rickard,  648. 
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Oonnecticut. 

Description  of  new  species  from  BmnchTille, 

Brush  and  Dana,  88. 
Fifth  Branchville  paper,  Brush  and  Dana,  92. 
Fossil  wood   from  the  Newark   formation, 

Knowlton,  454. 
Newark  system  of   the  Pomperaug  Valley, 

Hobbs,  376. 
River  system  of  Connecticut,  Hobbs.  877. 
Second  Branchville  paper.  Brush  and  Dana, 

89. 
Spodumene  and  results  of  its  alteration.  Brush 

and  Dana,  91. 
Third  Branchville  paper.  Brush  and  Dana,  90. 

Correlation. 

Correlation  des  horizons  de  mammif^res  Ter- 
tiaires  en  Europe  et  en  AmMque,  Osbom, 
583. 

Individuals  of  stratigraphic  classification, 
Willis,  832. 

Schematic  standard  for  the  American  Car- 
boniferous, Keycji,  431. 

Oretaoeoua. 
Atlantic  coatt  region. 

Washington  folio,  Darton  and  Keith,  200. 
Canada. 
Geological  record  of  Rocky  Mountain  region, 

Dawson,  224. 
Geology  of  Yellow  Head  Pass  route,  McEvoy, 
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Gulf  coast,  Adams,  7. 
Quicksilver  mines  of  Brewster  County,  Spald- 
ing, 715. 
Texas  petroleum,  Phillips,  608. 
Vlah. 

Notes  on  two  desert  mines,  Emmons,  262. 
Vermont. 
Asbestos  region  In  northern  Vermont,  Kemp, 

416  and  419. 
Occurrence  of  asbestos,  Kemp,  420a. 
Virginia. 
Copper  deposits  of  Southern  United  States, 

Weed,  795. 
Washington. 
Clealum  iron  ores,  Smith  and  Willis,  709. 
Discussion  of  Clealum  iron  ores,  Courtis,  165. 
Ores  of  the  Republic  mine,  Chatard  aud 

Whitehead,  185. 
Silverton  mining  district.  Stretch,  784. 
Washington  serpentine  marbles.  Lyon,  506. 
West  Indies. 
Bituminous  deposits  of  Cardenas.  Cuba,  Peck- 
ham,  591. 
Copper  mines  of  Santa  Clara  Province,  Cuba, 

Vaughau,  769. 
Iron  ores  of  Cuba,  Spencer,  716. 
Manganese  mining  in  Cuba.  Chibas,  137. 
West  Virginia, 

Charleston  folio,  Campbell.  105. 
Wisconsin. 
Clays  and  clay  Industries.  Buckley,  94. 
Copper-bearing  rocks  of    Douglas  County, 

Grant,  813. 
Iron-ore  deposits  of  the  Lake  Superior  region. 

Van  Hise,  759. 
Wyoming. 
Dutton,  Rattlesnake,  Arago,  Oil  Mountain, 

and  Powder  River  oil  fields,  Knight  and 

Slosson,  450. 
Iron  mines  of  Hartville,  Chance,  132. 
Petroleum  fields.  Knight,  447. 
Sweetwater  mining  district.  Knight,  448. 
Oetieral. 
Arkansas  and  Indian  Territor>'  coals,  Keyes, 

438. 
Asphalt  and  bituminous  rock  deposits,  £1- 

d  ridge,  255. 
Change  of  ore  bodies  with  change  of  country 

rock.  Lakes,  468. 
Coal  outcrops,  Catlett,  121. 


Xoonomio  ffeolos7--Continued. 
GfCTi^ral— Continued. 

Coal  outcrops,  Randolph.  688. 

Coal  outcrops,  Scholz,  680. 

Contiguity  of  ore  deposits  of  different  generic 
relationships,  Keyes.  440. 

Contribution  to  the  natural  history  of  marl, 
Davis,  201. 

Deposition  of  copper  by  solutions  of  ferrous 
salts,  Biddle,  60. 

Diamondlferous  deposits  In  the  United 
States,  Hobbs,  378. 

Enrichment  of  gold  and  silver  veins.  Weed, 
794. 

Geology  of  ore  deposits,  Van  Hise,  760. 

Genesis  of  ore  deposits,  Alderson,  9. 

Genesis  of  ore  deposits,  Tays,  789. 

Graphite  and  garnet,  Hopkins.  889. 

High  plains  and  their  utilization,  Johnson, 
404. 

Metasomatic  processes  in  fissure  veins,  Lind 
gren,  495. 

Ore  formation  by  concentration  through  sur- 
face decomposition,  Keyes,  428. 

Origin  and  classification  of  ore  deposits, 
Keyes,  428. 

Occurrence  and  distribution  of  corundum, 
Pratt,  622. 

Origins  and  times  of  formation  of  lead  and 
zinc  deposits  of  the  Mississippi  Valley, 
Keyes.  441. 

Origin  of  Australian  iron  ores,  Winchell,851 

Origin  of  the  Coal  Measure  fire  clays,  Hop- 
kins, 388. 

Origin  of  vein  cavities,  Kason,  662. 

Petroleum  in  western  North  America.  Lakes, 
474. 

Phosphate  mining  industry  of  the  United 
States.  Memminger,  541. 

Principles  controlling  the  deposition  of  ores. 
Van  Hise,  758. 

Recent  contributions  to  the  science  of  ore 
deposits,  Raymond,  641. 

Secondary  enrichment  of  ore  deposits,  Em- 
mons, 261. 

The  nonmetallic  minerals;  U.  8.  National 
Museum,  Merrill,  545. 

Zone  of  maximum  richness  in  ore  bodies, 
Keyes,  437. 
I  Soonomic  products  described. 

Abrasive  materials,  Hopkins,  889. 

Albert  Ite.  Merrill,  M5. 

Allanite,  orthite,  Merrill,  545. 

Alum  slate  or  shale,  Merrill,  545. 

Aluminlte.  Merrill.  545. 

Alunlte,  Merrill,  545. 

Amblygonite,  Merrill,  545. 

Antimony,  Asquith,  88. 

Apatite;  rock  phosphates;  guano,  etc.,  Mer- 
rill, 545. 

Arsenopyrite;  misplckel  or  arsenical  pyrites, 
Merrill.  545. 

Artesian  water,  Todd,  742. 

Artesian  wells.  Miller,  M8. 

Asbestos,  Kemp,  416,  419.  420a. 

Asbestos,  Merrill,  545. 

Asbolite,  Merrill.  545. 
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XooBomle  prodticta  d«acrlb«d— Continued. 
Asphalt.  Kldridge,  255. 
Asphaltmn,  mineral  pitch,  Merrill.  545. 
Barite;  heavy  itpar.  Merrill.  545. 
Bauxite.  Hayes,  856. 
Bauxite,  Merrill,  545. 
Bauxite,  Watson,  788. 
Bitumen,  Peckham,  501. 
Boracite  or  staaefurtite:  borate  of  magnesia, 

Merrill,  545. 
Borax  or  tincal;  borate  of  soda,  Merrill,  545. 
Braunite,  Merrill,  515. 
Buhrstone,  Merrill,  545. 
Building  stone,  Darton  and  Keith,  200. 
Building  stone,  Gould.  SOI,  804. 
Building  stone,  Lakes,  472,  473. 
Building  stone,  Miller,  548. 
Building  stone.  Norton,  568. 
Building  stone.  Russell,  662. 
Building  stone,  Smith,  706. 
Building  stone.  Udden,  748, 
Caleite;  ealc  spar;  Iceland  spar,  Merrill,  545. 
Carbonite  or  natural  coke,  Merrill,  545. 
Celeotite.  Merrill.  515. 
Cement.  Blatchley,  67. 
Cement,  KOmmel,  455. 
Cement.  Russell,  662. 
Cement,  Siebenthal,  701. 
Cerite,  Merrill,  546. 
Chalk,  Merrill,  545. 
Chemawinite,  Merrill,  545. 
Chromite,  Merrill,  545. 

Clay,  Babcock.  W. 

Clay,  Buckley,  94. 

Clay,  Darton  and  Keith,  200. 

aay,  Gould,  801. 

Clay,  Mason,  528. 

Clay,  Miller,  518. 

Clay,  rdden,  748.  749. 

Clays,  Merrill,  545. 

Coal,  Babcock,  94. 

Coal,  Becker.  60. 

Coal,  Blakemore,  65. 

Coal.  Calvin.  100. 

Coal,  Campbell,  105. 

Coal,  Catlett.  121. 

Coal.  Corless,  164. 

Coal,  Crane,  168. 

Coal.  Darton.  198. 

Coal,  Diller.  231. 

Coal,  Gould,  aei. 

Coal,  Haseltine,  341. 

Coal,  Hills,  374. 

Coal,  Ingall.  401. 

Coal.  Keyes,  438. 

Coal.  Lakes,  463. 

Coal,  Lakes,  405.  466. 

Coal,  McCalley,  511. 

Coal,  Miller,  548. 

Coal,  Purington,  636. 

Coal  series.  Merrill.  545. 

Cobaltite,  Merrill.  545. 

Colemanite.  Merrill,  545. 

Columbite  and  tanUllte,  Merrill.  545. 

Copper.  Becker.  50. 

Copper,  Biddle,  60. 

Copper,  Grant,  313. 
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ICoonomtr  products  dsacribed— Continued. 

Copper.  KUmmel,  456. 

Copper.  Lowry.  500. 

Copper.  McCormiek.  515. 

Copper.  Stretch,  734. 

Copper.  Vanghan.  769. 

Copper,  Weed,  796. 

Corundum,  Ropes,  657. 

Corundum  and  emery,  Merrill,  515. 
I         Crjollu».  Merrill.  645. 
!  Desclolzite,  Merrill,  545. 

i  Diamond,  Hobbs,  378. 

I         Diaspore.  Merrill,  545. 
I         Diatomaccous  or  infusorial  earth,  Merrill.  545. 
I         Dolomite.  Merrill.  545. 

Elaterite,  mineral  caoutchouc.  Merrill,  545. 

Emer>-.  Eckle.  254. 

Epsomite,  Epsom  salts.  Merrill,  545. 

Erythrite  or  cobalt  bloom,  Merrill.  545. 

Feldspar,  Merrill.  515. 
'         Fire  clay,  Hopkins,  388. 

Flint,  Merrill.  M,"). 

Fluor  spar.  Burk,  96. 

Fluoritc.  Merrill,  545. 

Franklinlte.  Merrill.  515. 

Fuller's  earih.  Darton,  198. 

Gadolinite.  Merrill,  545. 

Garnet,  Merrill,  545. 

Gibbsite,  hydrarglHite,  Merrill,  545. 

Glauberite.  Merrill,  545. 

Glaucodol,  Merrill.  545. 
I         Gold.  Becker.  50. 

Gold,  Chalmers,  123. 

Gold,  Chance.  131. 

Gold,  Coleman,  154. 

Gold,  Comstock,  161. 

Gold,  Diller,  231. 
'  Gold,  Furman.  289. 

I         Gold.  Hershey,  367. 

Gold,  Knapp,  444. 

Gold,  Knight,  448. 

Gold,  Lakes,  461. 

Gold,  L'Hame,  4S8. 

Gold,  Lowr)-.  500. 

Gold,  Purington,  636. 

Gold,  Ransome.  639. 

Gold,  RIckard,  646,648. 

Gold,  Schrader  and  Brooks.  681. 

Gold,  Wat.sou,  792. 

Gold,  Weatherby,  793. 

Gold,  Weeil,  796. 

Grahamite,  Eldridge.  255. 

Grahamite,  Merrill.  M5. 

Grindstones,  whetstones,  and  hones.  Merrill, 
545. 

Gum  copal,  Merrill,  545. 

Gyp*»um,  Darton.  19S. 

Gypsum,  Merrill,  545. 

Halite,  sodium   chloride   or   common    salt, 
Merrill,  545. 

Hausmannite.  Merrill.  545. 

llmenite.  menaccanite,  or  titanic  iron,  Mer- 
rill. 545. 

Iron.  Chance,  132. 

Iron,  Coleman,  15V 

Iron.  Courtis.  165. 

Iron,  Crosby.  175. 
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Boonomic  products  described— Continued. 

Iron,  Duinble,  247.        * 

Iron,  Miller,  551. 552. 

Iron,  Obalskl.  572. 

Iron,  Smith  and  Willis,  709. 

Iron,  Spencer,  716. 

Iron,  Van  Hise,  759. 

Iron  ores,  Hayes,  355. 

Kainite,  Merrill,  545. 

Kalinite,  Merrill,  M5. 

Kieserite,  Merrill,  545. 

La2urite,  lapis  lazuli,  or  natiye  ultramarine, 
Merrill,  545. " 

Lead,  Haworth,  850. 

Lead,  Keith,  411. 

Lead,  Maloomson,  518. 

Lead,  Phillips,  610. 

Lignite,  Russell.  662. 

Lime,  Norton,  568. 

Limestone,  Donald,  238. 

Limestones,  mortars,  and  cements,  Merrill, 
545. 

Linnseite,  Merrill,  545. 

Lithog  iphlc  limestones.  Merrill,  545. 

Lollingite,  leucopyrite,  Merrill,  545. 

Magnesite,  Merrill,  545. 

Manganese,  Chibas,  137. 

Manganese,  Hayes,  855. 

Manganese,  Merrill,  515. 

Manganlto,  Merrill,  545. 

Manjak,  Merrill.  545. 

Marble,  Byrne,  99. 

Marble,  Keith,  411. 

Marble,  Lyon,  506. 

Marl,  Blatchley  and  Ashley,  69. 

Mari,  Davis,  201. 

Micas,  Merrill,  545. 

Mirabillte,  or  Glauber  salt,  Merrill,  545. 

Molybdenite,  Merrill,  545. 

Monazite,  Merrill,  545. 

Natron,  the  nitnmi  of  the  ancients,  Merrill, 
545. 

Natural  gas,  Bishop,  71. 

Natural  gas,  Haworih,  351. 

Natturalgas,  Ingall,  401. 

Natural  gas,  Udden,  748. 

Nickel,  Ledoux,  486. 

Niter,  potassium  uHrate.  Merrill.  545. 

Nitro-calcile.  Merrill,  545. 

Ochre,  Chester.  136. 

Ocher,  Hayes,  855. 

Ocher,  Merrill,  645. 

Oil,  Adams,  7. 

Oil,  Bishop,  71. 

Oil,  Blatchley,  68. 

Oil,  Cooper,  163. 

Oil,  Haworth,  351. 

Oil,  Ingall.  401. 

Oil,  Knight  and  Slosson,  450. 

Oil,  Knight,  447. 

Oil.  Lakes.  470,471,474,475,476. 

Oil,  Phillips,  609. 

Oil,  Willis,  834. 

Orpiment;  auripigment,  Merrill,  545. 

Ozokerite;  mineral  wax;  native  paraffin.  Mer- 
rill, 545. 

Petroleum,  Claypole,  149. 


Boonomic  products  described— Continued. 
Petroleum,  Darton,  198. 
Petroleum,  Merrill,  545. 
Petroleum,  Phillips,  608. 
Phosphate.  Eckel,  251a. 
Phosphate,  Hayes,  357. 
Phosphate,  Memminger,  541. 
Phosphate,  Phillips,  611. 
Phosphate,  Safford,  666. 
Platinum,  Day.  226. 
Playing  marbles.  Merrill,  545. 
Polianite,  Merrill.  545. 
Polyhalite,  Merrill,  545. 
Portland  cement,  Merrill,  545. 
Psilomelane,  Merrill.  545. 
Pumice,  Merrill,  545. 
Pyrites,  MerrUl,  545. 
Pyrophylllte;    agalmatolite;  and    pagodite, 

Merrill,  545. 
Pyrolusite,  Merrill,  645. 
Quartz.  Merrill,  546. 
Quicksilver,  Spalding,  716. 
Realgar,  Merrill,  545. 
Reunite,  Merrill,  646. 
Rhodochrosite;  dialoglte,  Merrill,  545. 
Rhodenite,  Merrill,  545. 
Road  material,  Dartun  and  Keith,  200. 
Roman  cement,  Merrill,  646. 
Roofing  slate,  Nevlus,  663. 
RutUe,  Merrill,  545. 
Salt.  Gould,  303. 
Salt,  Holder,  888. 
Samarskite,  Merrill,  545. 
Scheelite,  Merrill,  545. 
Sepiolite;  meerschaum,  Merrill,  646. 
Silver,  Comstock,  161. 
Silver,  Knapp,  444. 
Silver,  Lowry,  500. 
Silver,  McCormick,  516. 
Silver,  Malcolmson,  518. 
Silver,  Ordoflez,  575. 
Silver,  Purington.  636. 
Silver.  Ransome,  639,640. 
Silver,  Weatherby.  793. 
Skutterudite,  Merrill,  646. 
Smaltite,  Merrill,  545. 
Soda  niter,  Merrill,  646. 
Soils,  Norton,  668. 
Soils,  Hall,  331. 

Spodumene  and  petalite,  Merrill,  646. 
Steatite;  talc;  and  soapstone,  Merrill, 646. 
Strontfanite,  Merrill,  645. 
Succinite;  amber,  Merrill,  546. 
Sychnodymite,  Merrill,  545. 
Talc,  filasdale,  66. 
Thenardite.  Merrill,  545. 
Tin,  Brooks,  80a. 
Tin,  Weed,  797. 
Tripolite,  Crosby,  174. 
Triphyllte  and  lithiophilite,  Merrill,  545. 
TripoH,  Merrill,  545. 
Trona;  urao,  Merrill,  545. 
Tschermigite,  Mernll,  545. 
Tungsten  ore.  Weeks,  800. 
Uiutaite,  Eldridge,  255. 
riexite:  boronatrocalcite,  Merrill,  646. 
Vanadinite,  Merrill,  615. 


Digitized  by 


Google 


wnas]      PALEONTOLOGY,   PETKOLOGY,  AND  MINERALOGY,  1901.      115 


loonomic  prodncU  deacribed— CoDtinucd 
Water  supply,  Babcock,  34. 
Water  supply,  Calvin,  100. 
Water  supply,  Darton,  198. 
Water  supply,  Darton  and  Keith,  200. 
Water  supply,  Gould,  299, 301. 
Water  supply,  HUls,  374. 
Water  supply,  Johnson,  40i. 
Water  supply,  McCaslln,  514. 
Water  supply,  Nutter,  670. 
Water  supply,  Russell,  662. 
Water  supply,  Udden,  749. 
Water  supply,  Upbam,  762. 
Water  supply,  Woolman,  869. 
Wltherite,  Merrill,  645. 
Wolframite  and  Hubnerite,  Merrill,  546. 
Wnrtzillite,  Merrill,  645. 
Ulntaite;  gilM>nite,  Merrill,  546. 
Uraninite;  pitchblende  Merrill,  546. 
Tttrotantalite,  Merrill,  545. 
Zinc,  Haworth,  850. 
Zinc,  Keith,  411. 
Zinc,  Phillipa,  610. 
Zircon,  MerrUI.  645. 

Oiwlogic  formattona.  daecriptlon  and  synonymy. 
Abram's  formation,  Pre-Cretaceous,  Califor- 
nia, Heiahey,  862. 
Agoniatites  limestone,  Devonian,  New  York, 

CUurke,  146. 
Aftonian,  Pleistocene,  Iowa,  Udden,  748. 
Agua  Dulce  formation,  Pleistocene,  Panama, 

Herahey,  865. 
Albany  granite,  New  Hampshire,  Hawe8,349. 
Albertan,  Pleistocene,  Iowa,  Udden,  748. 
Alleghany  formation.  Carboniferous,  Marj'- 

land,Pro8!«r,  631,632. 
Americus  limestone,  Kansaa,  Smith,  706. 
Antigua  formation  =  White  limestone,  West 

Indies,  Spencer,  719,  721. 
Apishapa  formation,   Cretaceous,  Colorado, 

HUl8,374. 
Aquia  formation   or  stage.    Eocene,  Mary- 
land.   Includes    Piscataway    and    Paspo- 

tanaa  members  or  substages.    Clark  and 

Martin,  140, 
Arisaig  formation,  Silurian,  Canada,  Ami,  22. 
Arizona  formation,  included  in  Huroniau, 

Blake,  62. 
Atoka  formation.  Carboniferous,  Indian  Ter- 

ritor>',  Taff,  786. 
Aznero  formation,  Panama,  Hershey,  365. 
Bays  formation,  Silurian,  Tennessee,  Keith, 

411. 
Beacon  Hill  formation,  Miocene,  New  Jersey, 

Smock,  712. 
Bedford,  Carboniferous,  Indiana  and  Ohio, 

Siebenthal.  698. 
Bedford  limestone,  Carboniferous,  Indiana, 

Cnmings,  178. 
Bedford  shale.  Carboniferous,  Ohio,  Prosser, 

629,630. 
Berea  grit.  Carboniferous,  Ohio,  Prosser,  629. 
Berkeleyan  series,  California,  ihcluded  in 

Pliocene,  Lawson  and  Palache,  484a. 
Benlah  shales,  Jurassic,  Black  Hills,  Darton. 

196. 


Qeologlo  formations,  description  and  synony- 
my—Continued. 

Block  Tail  Deer  Creek  beds,  included  in 
White  River  beds,  Tertiary.  Montana, 
DouglasK,  234a. 

Boggy  shale.  Carboniferous,  Indian  Territory, 
TafT,  736. 

Bragden  formation,  Pre-Cretaceous,  Califor- 
nia, Hershey,  862. 

Braxton  formation,  Carboniferous,  West  Vir- 
ginia, Campbell,  105. 

Briceville  shale.  Carboniferous,  Tennessee, 
Keith,  411. 

Bridgeton  formation.  New  Jersey,  Smock,  712. 

Buchanan  gravels.  Pleistocene,  Iowa,  Nor- 
ton, 568. 

Buchanan  gravel.  Pleistocene,  Iowa,  Udden, 
748. 

Calciferous  (Beekmantown)  limestone,  Ordo- 
vician.  New  York,  Cushing,  186. 

Calderwood's  Neck  schists,  Maine,  Smith,  707. 

Calvan  sandstone.  Carboniferous,  Indian  Ter- 
ritory, Taff,  786. 

Campan  series.  Pliocene,  California,  Lawson 
and  Palache,  4Ma. 

Caney  shales,  Carboniferous,  Indian  Terri- 
tory, Taff,  736. 

Cape  May  formation,  New  Jersey,  Smock,  712. 

Carlile  formation.  Cretaceous,  Black  Hills, 
Darton,  198. 

Carolina  gneiss,  Archean,  Piedmont  r^ion. 
Darton  and  Keith,  200. 

Cassada  Garden  gravels,  West  Indies,  Spencer, 
719. 

Cathead  limestone,  Ordovician,  Canada, 
Dowling,  286. 

Charleston  sandstone.  Carboniferous,  West 
Virginia,  Campbell,  106. 

Chattanooga  black  shale,  Devonian,  Ken- 
tucky and  Tennessee,  Foerste,  278. 

Chattanooga  shale,  Devonian,  Tennessee, 
Keith,  411. 

Chengwatana  series,  Minnesota,  Hall,  332. 

Cbesa^ake  formation,  Teriiary,  Atlantic 
coast  region,  Darton  and  Keith,  200. 

Chickachoc  chert  lentil.  Carboniferous,  In- 
dian Territory,  Taff,  736. 

Chickamauga  limestone,  Silurian,  Tennessee, 
Keith,  411. 

Clamo  formation.  Tertiary,  Oregon,  included 
in  Eocene,  Merriam,  542,  543. 

Clear  Creek  formation,  Pre-Cretaceous,  Cali- 
fornia, Hershey,  362. 

Clinch  sandstone,  Silurian,  Tennessee,  Keith, 
411. 

Clinton,  Silurian,  New  York,  Grabau,  306. 

Clinton  formation,  Silurian,  Maryland,  Pros- 
ser, 631. 

Clinton  limestone,  Silurian,  Kentucky  and 
Tennessee,  Foerste,  278. 

Coaledo  formation,  Eocene,  Oregon,  Diller, 
231. 

Coggan  limestone,  Devonian,  Iowa,  Norton, 
568. 

Columbia  formation.  Pleistocene,  Atlantic 
coast  region.  Darton  and  Keith,  200. 

Columbia  lava.  Oregon,  Merriam.  542. 
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Oeolo^io  formations,  description  and  synony- 
my— Continued. 
Como  beds,  exact   synonym  AUanto«auiiift 

beds,  Cretaceous,  Wyoming,  Williston,  836. 
Conasauga     shale,     Cambrian,     Tennessee, 

Keith,  411. 
Conemaugh  fonnation,  Carboniferous.  Mary- 
land, Prosser,  631,  632. 
Cuchara     formation,    Eocene(?),    Colorado, 

HilLi,  374. 
Cumberland   sandstones,  Ordovician,    Ken- 
tucky, Foerste,  278. 
Cuyahoga   formation,   Carboniferous,  Ohio, 

Prosser,  62».  t 

Dakota  formation.  Cretaceous,  Black  Hills,  | 

Darton,  198.  I 

Dakota  formation.  Cretaceous,  Colorado,  Lee, 

487. 
Dakota  sandstone,  Kansas,  Charles,  133. 
Dakota    sandstone,    Cretaceous,    Colorado,  ' 

Cross,  176.  I 

Dannemara  formation,  Algonkian,  New  York,  | 

Cushing,  185.  j 

Davenport   (upper  and   lower),   Devonian,  ' 

Iowa,  Norton.  568.  ' 

Deadwood  formation,  Cambrian,  Black  Hills,  \ 

Darton,  196. 
Dolores    formation,    Jura-Trias,     Colorado, 

Cross,  176. 
Douglas  formation.  Carboniferous.   Kansas, 

Rogers,  656. 
Dunkard  formation.  Permian  (?),  Maryland, 

Prosser,  631,  G32.  [ 

Edmund's  Hill  andesites,  Gregory,  322. 
Empire  formation,  Neocene,  Oregon,  Diller, 

231. 
Englewood  limestone.  Carboniferous,  Black 

Hills,  Darton,  198. 
Eureka  shale,  Carboniferous,  Missouri,  Wei-  i 

ler,  801.  I 

Fredericktown  dolomite,  Cambrian,  Missouri, 

Keyes,  429. 
Fowler   limestone,   Ordovician,    Kentucky, 

included  in  Richmond  group,  Foerste,  278. 
Fox  Hills  formation,  Cretaceous,  Black  Hills, 

Darton,  198. 
Franciscan  series,  Lawson  and  Palache,  484a. 
Friars'  Hill  8erie«,  West  Indies,  Spencer,  719. 
Fuson   fonnation,  Cretaceous,  Black    Hills, 

Darton,  198. 
Geneva  limestone,  exact  synonym(?j  Shelby 

bed,  Devonian,  Indiana,  Kindle,  442. 
Gowcr  limestone.  Silurian,  Iowa,  included  in 

Niagara,  Norton,  568. 
Grainger  shale,  Devonian,  Tennes.'M>e,  Keith, 

411. 
Graneros  shale.  Cretaceous,  Black  Hills.  Dar- 
ton. 198. 
Greenbrier  limestone.  Carboniferous.  Mar>'- 

land,  Prosser,  631. 
Greenhorn  limestone.  (Cretaceous,  Black  Hills, 

Darton.  198. 
Grizzly  Peak  andesito,  Lawson  and  Palache, 

484a. 
Guertie  sand.  Neocene,  Indian  Territor>',  TaflT, 

736. 
Hampshire  formation,  Devonian,  Maryland, 

Prosser,  631. 


Osoloeic  formations,  description  and  synony- 
my—Continued. 
Hardiston  quartdte,  Cambrian,  New  Jersey, 

Kummel  and  Wei  ler,  457. 
Hardiston  quartzite,  Cambrian,  New  JerKy, 

Wellcr,  806. 
Hartshorn  sandstone.  Carboniferous,  Indian 

Terrilory,  Taff,  736. 
Helderberg  limestone,  Devonian,  Maryland, 

Prosser,  631. 
Hodges  Hill  sandstone.  West  Indies,  Spencer, 

719. 
Holdenville  shale,  Carboniferous,  Indian  Ter> 

ritory,  TafT,  786. 
Holston  marble,  Siltirian,  Tennessee,  Keith, 

411. 
Hudson  River  beds,  Ordovician,  New  York, 

Ruedemann,  659. 
Hudson  River  formation,  Ordovician,  New 

Jersey.  Weller,  805. 
Huerfano  formation.  Eocene,  Colorado,  Hilla, 

874. 
niinoian.  Pleistocene,  Iowa,  Udden,  748. 
lowan  drift.  Pleistocene,  Iowa,  Norton,  568. 
Independence,  Devonian,  Iowa,  Norton,  568. 
Iron    Mountain    conglomerate,    Cambrian, 

Missouri,  Keyes,  429. 
Jeffenionville  limestone,  Devonian,  Indiana, 

Kindle,  442. 
Jeflersonville  limestone.  Carboniferous,  Indi- 

ana,  Siebenthal,  709. 
Jennings  formation,   Devonian,  Maryland, 

Prosser,  631. 
John  Day  series,  Tertiary,  Oregon.  Merrlam, 

542,  &43. 
Juniata  formation,  Silurian,  Maryland,  Pros- 
ser, 631. 
Kanawha    formation,   Carboniferous,   West 

Virginia,  Campbell,  105. 
Kansan,  Pleistocene,  Iowa,  Macbride,  510. 
Kansan,  Pleistocene,  Iowa,  Udden,  748. 
Kansan  drift,  Pleistocene,  Iowa,  Calvin,  100. 
Kansan  drift.  Pleistocene.  Iowa,  Miller,  548. 
Kansan  drift.  Pleistocene,  Iowa,  Norton,  568. 
Keweenawan,  Algonkian,  Minnesota,  Hall, 

332. 
Keweenawan  trap,  pre-Cambrian,  Wisconsixi, 

Grant,  314. 
Keewatin,  Algonkian,  Minnesota,  Hall,  888. 
Kindefhook,  Carboniferous,  Missouri,  W^l-  ' 

ler,  801. 
Kittatinny    limestone,   Cambro-Ordovician, 

New  Jersey,  Kummel  and  Weller,  457. 
Kittatinny  limestone,  Cambrian,  New  Jersey, 

Weller.  805. 
Knobstone,  Carboniferous,  Indiana,  Sieben- 
thal, 701. 
Knox  dolomite,  Silurian,  Tennessee,  Keith, 

411. 
Knoydart  formation,  Devonian,  Canada,  Ami, 

10,  20.  22. 
Labrador    formation.   Pleistocene,   Canada, 

exact  synonym.  Bowlder  Clay,  Ami,  14. 
Lafayette  formation,  Tertiary.  Atlantic  coast 

region,  Darton  and  Keith.  200. 
Lafond  gravel  and  marl.  West  Indies,  SpeQ^ 

cer,  720. 
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Oe6lo0c  formations,  description  and  synony- 
my— Continued. 

Lake  Superior  sandstone,  Cambrian,  Wiscon 
sin.  Collie,  157. 

Lake  Superior  sandstone,  Cambrian,  Wiscon- 
sin, Grant,  314. 

Lakota  formation.  Cretaceous,  Black  Hills, 
Darton,  198. 

Lamotte    sandstone,     Cambrian,    Missouri, 
Keyes,  429. 

La  Plata  sandstone,  Jura-Trias,   Colorado, 
Cross,  176. 

Laramie  formation.  Cretaceous,  Black  Hills, 
Darton,  198. 

Laramie  formation,   Cretaceous,   Colorado, 
Hills,  374. 

laurel   limestone,   Silurian,  Kentucky  and 
Tennessee,  Foerste,  278. 

Leda  clay,  Canada,  Coleman,  156. 

Lee  conglomerate,  Carboniferous,  Tennessee, 
Keith.  411. 

Le  Roux  beds,  Triasaic,  Arizona,  Ward,  777. 

Lewis  shale,  Cretaceous,  Colorado,  Cross,  176. 

Leseur  dolomite,  Cambrian,  Missouri,  Keyes, 
429. 

Lockport  limestone,   Silurian,    New   York. 
Synonym,  Niagara  limestone,  Grabau,  306. 

Loess,  Pleistocene,  Iowa,  Calvin,  100. 

Loess,  Pleistocene,  Iowa,  Udden,  748. 

Logan  formation,  Carboniferous,  Ohio,  Pros- 
ser.  629. 

McAdam  formation,  Silurian,  Canada,  Ami, 
22. 

McAlister  shale.  Carboniferous,  Indian  Ter- 
ritory, Taff,  736. 

McElmo   formation,    Jura-Trias,    Colorado, 
Cross,  176. 

Mancos  shale,  Cretaceous,  Colorado,  Cross, 
176. 

Manlius  limestone,  Silurian,  New  York,  Gra- 
bau, 306. 

Mariato  formation,    Pleistocene,    Panama, 
Hershey,  366. 

Marion    formation,     Permian,     Oklahoma, 
Gould,  302. 

Maryville  limestone,  Cambrian,  Tennessee, 
Keith,  4U. 

Mascall  formation.    Tertiary,  Oregon.     In- 
cluded in  Miocene,  Merriam,  542. 

Matawan  formation.  Cretaceous,  Darton  and 
Keith,  200. 

Mauch    Chunk    formation.    Carboniferous, 
Maryland,  Prosser,  631. 

Medina,  Silurian,  New  York,  Grabau,  306. 

Mesa  Verde  formation.  Cretaceous,  Colorado, 
Cross,  176. 

Minnelusa  formation,  Carboniferous,  Black 
Hills.  Darton,  198. 

Minnewaste    limestone,    Cretaceous,    Black 
.  Hills,  Darton,  198. 

Mississippian    series,    Carboniferous,    Iowa, 
Udden,  748. 

Missourian  stage,  Carboniferoas  Iowa,  Cal- 
vin. 100. 

Missourian  stage.  Carboniferous,  Iowa,  Ud- 
den, 749. 

Moccasin     lime::«tone,   Silurian,   Tennessee, 
Keith,  411. 


Oeologlc  fbrmatlona,  deaorlption  and  synony- 
my—Continued. 

Moencopie  beds,  Triassic,  Arizona,  Ward,  777. 

Monmouth  formation,  Cretaceous,  Atlantic 
coast  region,  Darton  and  Keith,  200. 

Monongahela  formation.  Carboniferous, 
Maryland,  Prosser,  631,  632. 

Monterey  series,  California,  Lawson  and 
Palache,  484a. 

Monti  jo  conglomerate,  Panama,  Hershey,  365. 

Morrison  formation,  Jurassic,  Colorado,  Lee, 
487. 

Mottled  limestone  (upper  and  lower),  Ordo- 
viclan,  Canada,  Dowling,  236. 

Myrtle  formation.  Cretaceous,  Oregon,  DiUer, 
281. 

Nanjemoy  formation  or  stage,  Eocene,  Mary- 
land. Includes  Potapaco  and  Woodstock 
members  or  substages.  Clark  and  Martin, 
140. 

New  Albany  shale,  Devonian  of  Indiana, 
Kindle,  442. 

New  Albany  black  shale,  Devonian,  Indiana, 
Stiebenthal,  709. 

Newman  limestone,  Carboniferous,  Tennes- 
see, Keith,  411. 

Niagara  formation,  Silurian,  Maryland,  Pros- 
ser,  631. 

Niobrara  formation,  Cretaceous,  Black  Hills, 
>       Darton,  198. 

Nolichucky  shale,  Cambrian.  Tennessee, 
Keith,  411. 

North  Haven  greenstones,  Maine,  Smith,  707. 

North  View  sandstone  and  shale.  Carbonif- 
erous, Missouri,  Weller,  8C1. 

Nussbaum  formation.  Neocene,  Colorado, 
Hills.  374. 

Onondaga  limestone,  Devonian,  New  York, 
Grabau,  306. 

Opeche  formation,  Carboniferous,  Black 
Hills,  Darton,  198. 

Orindan  formation,  Lawson  and  Palache, 
481a. 

Orlfikany  sandstone,  Devonian.  Maryland, 
Prosser,  631. 

Otis,  Devonian,  Iowa,  Norton,  568. 

Painted  Desert  beds,  Triassic,  Arizona,  Ward, 
777. 

Pahasapa  limestone,  Carboniferous,  Black 
Hills,  Darton,  198. 

Pamunkey  formation.  Tertiary,  Atlantic 
coast  region.    Darton  and  Keith,  200. 

Panama  formation,  Hershey,  365. 

Paspotansa  member  or  substage.  Eocene, 
Maryland.  Included  in  Aquia  formation 
or  stage.    Clark  and  Martin,  140. 

Pearson  limestone.  Carboniferous,  Missouri, 
Weller,  801. 

Pegram  limestone,  Devonian,  Kentucky  and 
Tennessee,  Foerste,  278. 

Pendleton  sandstone.  Carboniferous,  Indi- 
ana. Siet>enthal,  709. 

Pennington  shale,  Carlxiniferous,  Teimesj*ee, 
Keith,  411. 

Pensauken  formation.  New  Jersey,  Smock, 
712. 

Petit  Bourg  scries.  West  Indies,  Spencer,  720. 
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Oeolofflc  ibrmatioas.   daacrlption  and  synony- 
nay— Continued. 
Phelps  8and«tone,  Carbonlferoiw,  Missouri, 

Weller,  801. 
Pierre  shale,  Cretaceous.  Black  Hills,  Dar- 

ton,  198. 
Pierre  shale,  Cretaceous,  Colorado,  Hills,  874. 
Pipestone  beds,  included  in  White  River  beds, 

Tertiary., Montana,  Douglass,  234a. 
Piscataway  member    or  substage.  Eocene, 

Mar>'land,  included  in  Aquia  formation  or 

stage,  Clark  and  Martin,  140. 
Pocono  sandstone,  Carboniferous,  Maryland, 

Prosser,  631. 
Poison  Canyon  formation.  Eocene  ?,  Colorado, 

Hills,  374. 
Potapaco  member  or  sub  tage.  Eocene,  Marj - 

land,  included  in  Nanjemoy  formation  or 

stage,  Clark  and  Martin,  140. 
Potomac    formation.    Cretaceous,    Atlantic 

coast  region,  Darton  and  Keith,  200. 
Potosi  limestone,  C-ambrian,  Missouri,  Keyes, 

429. 
Potc^l  limestone,  Cambrian,  Missouri,  Nason, 

561. 
Potosi  series,  Cross,  177. 
Pot«dam  formation,  Cambrian,  New  York, 

Cushing,  185. 
Pottawattamie     formation.     Carboniferous, 

Kansas,  Rogers,  656. 
Pott8\ille   formation,  Carboniferous,  Mary- 
land, Prosser,  631. 
Pulaski  formation,  Eocene,  Oregon,  Dlller, 

231. 
Quebec  formation,  Ordovician,  Canada,  Ami, 

14. 
Rattlesnake    formation,   Tertiary,    Oregon, 

included  in  Pliocene,  Merriam,  542. 
Red  Beds,  Permian,  Kansas,  Gould,  297. 
Red  Rock  sandstone.  Carboniferous,  Iowa, 

included  in  Des  Moines  formation,  Miller, 

548. 
Richmond  group,  Ordovician,  Kentucky  and 

Tennessee.  Foerste,  278. 
Rochester  shale,  Silurian,  New  York,  Grabau. 

306. 
Rogersvillc    shale,    Cambrian,    Tennessee. 

Keith,  411. 
Rome     formation,     Cambrian,    Tennessee, 

Keith,  411. 
Romney    formation,    Devonian,    Maryland, 

Proeser.  631. 
Rondout  water  lime,  Silurian,  New  York, 

Grabau.  306. 
Rockford  limestone,  Carboniferous.  Indiana, 

Siebenthal,  709. 
Rockwood    formation,  Silurian,  Tennessee, 

Keith.  411. 
Rutledge   limestone.  Cambrian,  Tennessee, 

Keith,  411. 
Sac  limestone,  Carboniferous,  Missouri,  Wel- 
ler. 801. 
St.  John  beds,  Devonian,  New  Brunswick, 

Matthew,  535. 
St.  Joseph    limestone,  Cambrian,  Missouri, 

Keyes,  429. 


Geologic  fbrmations,  description  and  aynony- 
my— Continued. 

St.  Joseph  limestones,  Cambrian,  Missouri, 
Nason.  661. 

St.  Kitts  gravels.  West  Indies,  Spencer,  722. 

St.  Louis,  Carboniferous,  Missouri,  included 
in  Mississippian  series.  Miller,  548. 

Salem  limestone,  Carboniferous,  Indiana, 
Cnmings,  178. 

Salina  formation,  Silurian,  Maryland,  Proe- 
ser, 631. 

Salmon  formation,  pre-Cretaceous,  California, 
Hershey,  362. 

San  Carlos  formation.  Pleistocene,  Panama, 
Hershey,  365. 

Sangamon,  Pleistocene,*  Iowa,  Udden,  748. 

San  Juan  formation.  Colorado,  Cross,  177. 

Savanna  sandstone,  Carboniferous,  Indian 
Territory,  Tall,  736. 

Saxicava  sand,  Canada,  Coleman,  156. 

Seaforth  limestone.  West  Indies,  Spencer.  719. 

Sellersburg  beds,  Devonian,  Indiana,  Kindle, 
442. 

Sellersburg  limestone,  Devonian,  Indiana, 
Siebenthal,  709. 

Seminole  conglomerate.  Carboniferous,  In- 
dian Territory,  TafT,  736. 

Senora  formation,  Carboniferous,  Indian  Ter- 
ritory, TafT,  736. 

Se\'ier  shale,  Silurian,  Tennessee,  Keith,  411. 

Sewell  formation,  Carboniferous,  West  Vir- 
ginia, Campbell,  105. 

Shasta-Chico  series.  Cretaceous,  California, 
Lawson  and  Palacbe,  434a. 

Shinarump,  Tria.sslc,  Arizona,  Ward.  777. 

Siestan  formntiou,  California,  Lawson  and 
Palache,  434a. 

Silver  Creek  limestone,  Devonian,  Indiana, 
Siebenthal.  709. 

Silvcrton  scries,  Colorado,  Cross.  177. 

Spearflsh  formation,  Triaasic,  Black  Hilla, 
Darton,  198. 

Stafford  limestone,  Devonian,  New  York, 
Clarke,  145. 

Stafford  limestone,  Devonian,  New  York, 
Wood,  855. 

Stewart  shale.  Carboniferous,  Indian  Terri- 
tory. Taff,  736. 

Stonehouse  formation,  Silurian.  Canada, 
Ami,  22. 

Stony  Mountain  formation,  Ordovician.  Can- 
ada, Dowling,  236. 

Sunbury  shale,  Carboniferous.  Ohio,  Prosser, 
629. 

Sundance  formation.  Jurassic,  Black  Hills. 
Darton,  198. 

Teay  formation,  Pleistocene.  West  Virginia, 
Campbell,  106. 

Telllco sandstone,  Silurian,  Tennessee,  Keith. 
411. 

Thompson  Creek  beds,  included  in  While 
River  beds,  Tertiar>',  Montana,  Douglass, 
234a. 

Thoroughfare  volcanoes,  Maine,  Smith.  707. 

Thurman  sandstone.  Carboniferous,  Indian 
Territor>-.  Taff,  736. 
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0«olo8le  DonBations,  descriptton  and  ■ynony- 
my— Continued. 

Timpas  formation.  Cretaceous,  Colorado, 
Hills,  374. 

JoTio  limestone,  Panama,  Hershey,  865. 

Toston  beds,  included  in  White  River  beds, 
Tertiary,  Montana,  Douglass,  234a. 

Traverse  group,  Devonian,  Michigan.  Gra- 
bau,  a07. 

Trenton  limestone,  Ordovician,  New  Jersey, 
Kummel  and  Weller,  467. 

Trenton  limestone,  Ordovician,  New  Jersey, 
Weller,  806. 

Trinidad  sandstone.  Cretaceous,  Colorado, 
Hills,  374. 

Tuitcarora  formation,  Bllurian,  Maryland, 
Prosser,  631. 

Unkpapa  sandstone.  Jurassic.  Black  Hills, 
Darton,  198. 

Vinal  Haven  acid  volcanoes,  Maine,  Smith, 
707. 

Wapanucka  limestone,  Carboniferous,  Indian 
Territory,  Taff,  736. 

W^ashington  serpentine  marbles,  Lyon.  506. 

Waverley  series.  Carboniferous,  Ohio,  Pros- 
ser, 629. 

Wellington  formation,  Permian,  Oklahoma, 
Gould.  302. 

Wetumka  shale.  Carboniferous,  Indian  Ter- 
ritory, Taff,  736. 

Wewoka  formation,  Carboniferous,  Indian 
Territory,  Taff.  736. 

White  River  beds,  included  in  Oligocene, 
includes  Wpestone  beds,  Thompson  Creek 
beds,  Toston  beds,  and  Black  Tail  Deer 
Creek  beds,  Teriiary,  Montana,  Douglass, 
234a. 

White  River  group,  Tertiary,  Black  Hills, 
Darton,  198. 

Winnipeg  sandstone,  Ordovician,  Canada, 
Dowling,  236. 

Wisconsin,  Pleistocene,  Iowa,  Macbride,  610. 

Woodstock  member  or  substage.  Eocene. 
Maryland,  included  in  Nanjemoy  forma- 
tion or  stage,  Clark  and  Martin,  140. 

Yakima  basalt,  Miocene,  Washington,  Smith, 
706. 

Yarmouth  soil.  Pleistocene,  Iowa,  Udden.  748. 
O«olo8io  maps,  a 

Arkansas.  Hayes,  356. 

Arkansas,  Van  Ingen,  762. 

California,  Lawson  and  Palache.  484a. 

California,  Nutter,  570. 

Canada,  Ami,  20. 

Canada,  Bell,  57. 

Canada,  Coleman,  153. 

Canada,  Daly,  190. 

Canada,  Dowling,  236. 

Canada,  Ells,  256. 

Canada,  Tyrrell.  747. 

Canada,  Willmott,  830. 

Colorado.  Cross,  176. 

ColoradOii  Hills,  874. 

Colorado,  Purington.  637. 

Colorado,  Ransome,^39. 

Coonecticut,  Hobbs,  376. 


Qeolosio  maps— Continued. 

District  of  Columbia,  Darton  and  Keith,  200. 

Georgia,  Hayes.  355. 

Georgia,  Watson,  788. 

Idaho.  Russell,  661. 
I         Indian  Territory,  Adams.  7. 
I         Indian  Territory,  Taff,  736. 
I         Indiana,  Siebenthal.  701. 

Iowa,  Calvin,  100. 
I         Iowa,  Mcbride.  610. 
I  Iowa.  Miller.  648. 

Iowa,  Norton,  568. 
I  Iowa,  Udden,  748,  749. 

I  Kans^as,  Adams.  7. 

Kansas.  Gould.  801. 
'         Kansas,  Americus  limestone.  Smith,  706. 
I         Louisiana,  Adams,  7. 
I         Maine,  6mith,  707. 
I         Maryland.  Clark  and  Martin,  140. 

Maryland.  Darton  and  Keith,  200. 
I         Maryland,  Leonard,  491. 
j       "  Massachusetts,  Burr,  97. 

Massachusetts,  Clapp.  139. 
i  Massachusetts.  Wilson,  838. 

I  Mexico,  Ordofiez,  673. 

'         Michigan,  Van  Hi.««e,  759. 
i  Minnesota.  Hall,  332.  833. 

j  Minnesota,  Van  Hise.  759. 

Montana,  Douglass,  234a. 
I  Nebraska,  Gould,  301. 

1         New  Jersey,  Kummel.  455. 
I         New  York,  Bishop.  71. 

New  York,  Cushing,  185. 
I  New  Y'ork.  Grabau.  306. 

j         New  York,  Kemp  and  Hall,  421. 

New  York,  Smyth,  713. 

New  York,  Woodworth,  858. 

Oregon,  Diller.  iSl. 

Panama.  Hershey,  365. 

Penn.sylvania,  Peck.  590. 
I         South  Dakota,  Darton,  198. 

South  Dakota,  Jaggar,  402. 

Texas.  Adams,  7. 
I  Virginia.  Darton  and  Keith.  200. 

I  Washington,  Smith,  708. 

'  Washington.  Smith  and  Willis,  709. 

1  West  Virginia.  Campbell,  105. 

West  Virginia,  White,  815. 

Wisconsin,  Buckley,  94. 

Wisconsin,  Grant,  313. 

Wisconsin,  Van  Hise,  759. 

Wyoming,  Darion,  198. 

Wyoming,  Knight,  448. 

Wyoming,  Knight  and  Slosson,  450. 

Wyoming,  Loomis,  498. 
Qeorgia. 

Geologic  relations  of  tiie  iron  ores  in  the  Car- 
tersville  district,  Hayes.  355. 

Geology  of  the  Tallulah  gorge,  Jones.  40G. 

Georgia  bauxite  deposits, Watson,  788. 

Granitic  rocks  of  Georgia.  Watson,  787. 

Origin  of  the  phenocr>-sts  in  porphy ritie  gran- 
ites, Watson,  789. 

Roads  and  road-building  materials  of  Geor- 
gia, McCallie,  512. 

Shell  Bluff,  one  of  Lyell's  original  localities. 
Vaughan,  767. 


a  Includes  geologic  maps  of  the  whole  or  any  part  of  the  States  mentioned. 


Digitized  by 


Google 


120 


INDEX   TO   NORTH   AMERICAN   GEOLOGY, 


[BULL.  208. 


Georgia— Con  tinued . 

Trap  dikea  of  Georgia,  McCalUe,  618. 
Vein  structure  at  the  Reynolds  mine,  Col- 
lins, 160. 
Weathering  of  granitic  rocks,  Watson,  791. 
Oladal  ffeoloffy. 
AUuka. 
Glacial  phenomena   of  Seward    Peninsula 
Brooks  and  Collier,  81. 
Appalachian  region. 

Buried  valley  of  Wyoming,  Griffith,  328. 
Canada. 
Ancient  channels  of  Ottawa  River,  Ells,  260. 
Ancient  drainage  at  Niagara  Falls,  Currie.183. 
Glacial  beds  near  Toronto.  Coleman,  162. 
Marine  and  frei*h  water  beaches,  Coleman, 163. 
Ob««ervations  on  glaciers,  Vaux.  770. 
Physical  geology  of  central  Ontario,  Wilson, 

839. 
Toronto  and  Scarboro  drift  series,  Upham,756. 
Great  Bagin  region. 

Extinct  glaciers,  Stone,  783. 
Great  Lakes  region. 
Contributions  to  the   problem   of  Niagara, 

Grabau,  808. 
Development  of  Wabash  drainage  system, 

McBeth.  508. 
Eskeri!  and  esker  lakes  of  Indiana,  Dryer,  248. 
Preglnclnl  erosion  in  the  course  of  the  Niag- 
ara gorge,  Upham,  7.53. 
Spy  Run  and  Poinsett  Lake  bottoms,  Price 

and  Shaaf,  627. 
Western  Indiana  bowlder  belts  McBeth,  508. 
Miesiuippi  VaUey  region. 
Age  of  the  Kansan  drift  sheet,  Hershey.  864. 
Glacial  lakes  of  Minnesota.  Winchell.  848. 
Hew  England  and  New  Vorlc. 
Geology  and  paleontology  of  Niagara  Falls, 

Grabau,  806. 
Geology  of  central  Cape  Cod,  Jalien,409. 
Geological  history  of  Charles  River,  Clapp,189, 
Glacial  pot  holes  in  Maine,  Manning,  619. 
Medford  dike  area,  Wilson,  ^38. 
Representatives  of  pre-W'lsconsin  till,  Fuller, 
288. 
Ohio  Valley. 
Extra-glacial  abandoned  valleys  of  Ohio  ba- 
f*in,  Campbell,  104. 
Pacific  cocwt  region. 
Glacial  work  in  the  western  mountains,  Salis- 
bury 670. 
Rocky  Mountain  i  egion. 
Current  notes  on  physiography,  Davis,  216. 
Glacial  work  in  the  western  mountains,  Salis- 
bury, 670. 
Gaicral. 
De  la  progression  des  glaciers,  leur  stratifica- 
tion et  leurs  veines,  Reid,  642. 
Ice  ramparts,  Buckley,  95. 
Mammals  and  reptiles,  Rutland,  663. 
Moraines  and  maximum  diurnal  tempera- 
ture, Todd,  748. 
Variations  of  glaciers,  Reid,  643. 
Greenland. 

Minerals  from  Narsarsuk,  Flink,  277. 
Hawaiian  Islands. 

Brevity  of  tuff  cone  eniptions.  Bishop,  61, 


Hawaiian  Island^—Oontinued. 

Structure  cfl  Diamond  Head,  Dall.  186. 
Tuff  cone  at  Diamond  Head,  Hitchcock,  375. 
Idaho. 

Border  line  between  the  Paleozoic  and  Meso- 

zoic.  Smith,  710. 
Geology  and  water   resources  of  Nez  Perce 

County,  part  I.  Russell,  661. 
Geology  and  water  resources  of  Nez  Perce 

County,  part  II,  Russell,  662. 
Idaho  mining  districts.  Lakes,  477. 
Thunder  Mountain,  L'Hame,  488. 
Indiana. 

Abandoned  meanders  of  Spy  Run  Creek,  Price 

and  Shanf,  628. 
Fluorspar  mines  of  Kentucky  and  Illinois, 

Burk,  96. 
Contributions     to     Indiana     paleontology. 

Greene,  319,  820f  and  321. 
Development  of   Wabash  drainage  system, 

McBeth,  506. 
Developmental  stages  of  Orthothetes  minu- 

tus,  Cumings,  182. 
Devonian  fossils  and  stratigraphy  of  Indiana, 

Keyes,  442. 
Eskers  and  esker  lakes  in  Indiana,  Dryer,  248. 
Evidence  of  local  subsidence,  Campbell.  103. 
Lakes  of  Indiana  and  their  marl  deposits, 

Blatchley  and  Ashley,  69. 
New  crlnoid  from  the  Hamilton,  Wood,  856. 
New  species  of  alga^.  White,  809a. 
Observations  in  Indiana  caves,  Farrington, 

271. 
Oolitic  stone  for  Portland  cement,  Blatchley, 

67. 
Ordovician  rocks  of  southern  Indiana,  Cum- 
ings, 181. 
Orthothetes  minutus  n.  sp.  from  the  Salem 

limestone,  Cumings.  179. 
Petroleum  industry  in  1900,  Blatchley.  68. 
River  beds  and  bluffs,  Heiney,  360. 
Silver  Creek  hydraulic  limestone,  Siebenthal, 

701. 
Spy  Run  and  Poinsett  Lake  bottoms,  Price 

and  Shoaf.  627. 
Upper  Ordovician  at  Vevay,  Cumings,  180. 
Western  Indiana  bowlder  belts.  McBeth,  509. 
Indian  Territory. 

Coalgate  folio,  Taff,  736. 

Geology  of  Seminole  Creek,  Cherokee  and 

Osage  nalions,  Gould,  298. 
Oil  and  gas  flelds  of  western  interior  and 

Gulf  coaj't,  Adams,  7. 
Ouachita  and  Arbuckle  Mountain  sections, 

Taff,  735. 
Iowa. 

Geology  of  Cedar  County,  Norton,  568. 
Geology  of  Clay  and  O'Brien  counties,  Mac- 
bride,  510. 
Geology  of  Louisa  County,  Udden,  748. 
Geology  of  Marion  County,  Miller,  548. 
Geology  of  Page  County,  Iowa.  Calvin,  100. 
Geology  of  Pottawattamie  County,  Udden, 

749. 
Kinderhook  faynal  studies,  Weller,  804. 
Loess  of  Iowa  City,  Shimek.  697. 
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Zow»— Contlmcd.  „ 

Occurrence  of  gold  and  other  mineral  prod- 
ucts in  Iowa,  Calvin,  101. 
Old  channels  of  the  Missi^tsippi,  Leverett,  494. 
Junu 
yew  England. 
Newark  system  of  the  Pomperaug  Valley, 
Hobba.  376. 
Rocky  Mountain  region. 
Dinosaur  beds  of  the  Grand  River  Valley, 

Riggs,  650. 
Geology  of  Black  Hills,  Darton,  198. 
Jurassic  stratigraphy  in  Wyoming,  Loomis, 

498. 
La  Platte  folio,  Cross,  176. 
Morrison  formation,  Lee,  487. 
Triaasic  and  Jurassic  strata  of   the  Black 
Hills.  Hovey,  395. 


Age  of  Red  Beds,  Adams,  6. 
Age  of  th<>  Red  Beds,  Beede,  56. 
Americus  limestone.  Smith,  706. 
Concretions  of  Ottawa  County,  Bell,  59. 
Dakota  Cretaceous  of  Kansas  and  Nebraska, 

Gould,  301. 
Dakota  sandstone  in    Washington    County, 

Charles,  133. 
Flint  hills  of  Kansas,  Mead,  540. 
Foflsils  from  the  Red  Beds,  Gould,  297. 
Fonil  plants  in  the  Permian,  Sellards,  689. 
Galena-Joplin  lead    and  zinc  district,  Hu- 

worth,  360. 
High  plains  and  their  utilization,  Johnson, 

404. 
Kansas  coal  mining,  Crane,  168. 
Kansas  mines  and  minerals,  Grimsley  329. 
KansasOklahoma-Texas gypsum  hills,  Gould, 

300. 
New  turtle  from  the  Kansas  Cretaceous,  Wil- 

liston,  887. 
Oil  and  gas  fields  of  western  interior  and 

Gulf  coasts,  Adams,  7. 
Petroleum  euid  natural  gas,  Ha  worth,  861. 
Pottawattamie    and     Douglas    formations, 

Rogers,  656. 
Southern  extension  of  the  Marion  and  Wel- 
lington formations,  Gould,  302. 
Tseniopteris  of  the  Permian,  Sellards,  688. 
Tertiary  springs  of  Kansas  and  Oklahoma, 

Gould,  299. 
Kentucky. 

Fluorspar  mines  of  Kentucky  and  Illinois, 

Burk,  96. 
Silurian  and  Devonian  limestone,  Foerste, 

278. 
Xaine. 

Andesites  of  the  Aroostook  volcanic  area, 

Gregory,  322. 
Composition    and  occurrence  of  poUucite, 

Wells,  809. 
Geological  study  of  the  Fox  Islands,  Smith, 

707. 
Glacial  pot  holes  in  Maine,  Manning,  519. 
Minerals  at^addam.  Martin.  620. 
Shells  of  the   marl  deposits  of  Aroostook 

County,  Nylander,  571. 


Jffaryland. 

Basic  rocks  of  northeastern  Maryland,  Leon- 
ard, 491. 

Eocene  arthropoda,  Ulrlch,  750. 

Eocene  bryozoa,  Ulrich,  751. 

Eocene  coelenterata,  Vaughan,  765. 

Eocene  deposits  of  Maryland,  Clark  and  Mar- 
tin. 140. 

Eocene  echinodermata, Clark  and  Martin,  143. 

Eocene  mollusca,  Clark  and  Martin,  141. 

Eocene  roolluacoidea  (brachiopoda),  Clark 
and  Martin,  142. 

Eocene  plsce§,  Eastman,  251. 

Eocene  plantse,  Hollick,  387. 

Eocene  protozoa,  Bagg,  35. 

Names  for  the  formations  of  the  Ohio  coal 
measures.  Pressor,  632. 

Occurrence  of  zoisite  and  thulite,  Bibbins,  70. 

Paleozoic  Appalachia,  Willis,  831. 

Paleozoic   formations  of   Allegany  County, 
Prosser,  631. 

Physiographic  features.  Abbe,  1. 

Systematic    paleontology.    Eocene   reptilla. 
Case,  120. 

Washington  folio,  Darton  and  Keith,  200. 
Xassachuaetts. 

Amygdalodial  melaphyres  of  the  Boston  ba- 
sin, Crosby,  173. 

Concretions  from  the  Champlain  clays,  Shel- 
don, 695. 

Geological  history  of  Charles  River,  Clapp, 
139. 

Geology  of  central  Cape  Cod,  Julien,  409. 

Lead  and  silver   mines,   Newbury,  Hovey, 
397. 

Medford  dike  area,  Wilson,  838. 

Micaceous    cross-banding  of  strata,  W^ood 
worth,  857. 

Reconnaissance   of    the   Elizabeth  Islands, 
Hollick,  383. 

Representatives  of  pre- Wisconsin  till,  Fuller, 
288. 

Structural  relations  of  amygdaloldal  mela- 
phyre,  Burr,  97. 
ICexlco. 

Cretaceous  of  Obispo  Canyon,  Dumbic,  245. 

Distribucion   geogrAfica  y  geol6gica  de  los 
criaderos  minerales,  Agullcra,  8. 

Ein   Profil  durch  den  Oslabfall  der  Sierra 
Madre  Oriental,  Bose,  72. 

Geographic  and  geologic  features  of  Mexico, 
Hall,  373. 

La  industria  minera,  Ordofiez,  574. 

Las  rhyolitas,  Ordofiez,  573. 

Mining  industry  of  Pachuca,  Ordonez,  575. 

Mining  in  Lower  California,  Lowry,  500. 

Oyster  shells  in  volcanic  deposits,  Dumble, 
246. 

Sierra  Mojada  and  its  ore  depositM,  Malcolm- 
son,  518. 

Silver-bearing  veins  of  Mexico,  Halse,  336. 
Michigan. 

Geologric  section  in  Alpena  and  Presque  Isle 
counties,  Grubaii,  307. 

Iron-ore  deposits  of  the  Lake  Superior  region, 
Van  Hise.  759. 


Digitized  by 


Google 


122 


INDEX   TO   NORTH    AMERICAN   GEOLOGY, 


[BULL.  208. 


Kichlffan— Continued. 

Meteorite  from  Allegan,  Michigan,  and  Mart, 
Texas.  Merrill  and  Stokes,  546. 

Michigan  limestones,  Lane,  480. 

Preglacial  surface  deposits.  Lane,  481. 
Kineraloiry. 

A  large  phlogopite  crystal,  McNaim.  517. 

Bastnasite  and  tysonlte,  Allen  and  CSomstock, 
11. 

Chemical  composition  of  amblygonite.  Pen- 
field.  594. 

Chemical  compoaition  of  childrenite,  Pen- 
Held,  593. 

Chemical  composition  of  durangite,  Brush,  87. 

Chemical  composition  of  hamlinite  and  its 
occurrence  with  bertrnndite,  Penfleld,  597. 

Composition   and   occurrence  of   pollucite, 
Wells,  809. 

Constituents  of  meteorites,  Farrington,  269. 

Contribution  to   mineralogy   of   California. 
Blasdale.  66. 

Des  progr6s  de  la  production  des  pierrcs  prt^ 
cieuses  aux  Etats-Unis,  Kunz,  458. 

Description  of  new  species  from  Branchville, 
Brush  and  Dana,  88. 

Economic  geology  of  the  Silverton  quadran- 
gle. Ransome,  639. 

Fifth  Branchville  paper,  Brush  and  Dana,  92. 

Iron  of  meteoric  origin,  Pratt,  621. 

Mart  and  Bluff  meteorites,  Charlton,  134. 

Metallic  veins  of  Farmington  meteorite,  Far- 
rington, 267. 

Metasomatic  processes  in  fissure  veins,  Llnd- 
gren,  495. 

Meteorite  from  Allegan,  Michigan,  and  Mart, 
Texas,  Merrill  and  Stokes,  546. 

Meteorite  which  fell  near  Felix,  Alabama, 
Merrill,  543a. 

Meteorites  of  Nebraska,  Barbour,  41. 

Mineralogical  notes,  Eakle,  250. 

Mineralogical  notes,  Chester,  136. 

Mineralogical  notes,  Moses,  558. 

Mineralogical  notes,  Rogers,  655. 

Minerals  associated  with  copper,  Stone,  732. 

Minerals  at  Uaddam,  Martin,  520. 

Minerals  in  gold  quartz  veins,  Lindgten,  497. 

Minerals  from  Narsarsuk,  Flink,  277. 

Minerals  of  Nova  Scotia.  Gilpin,  294. 

Modes  of  occurrence  of  albertite,  Bailey,  36. 

Mohawkite,  Richards,  645. 

New  minerals  from  Franklin,  New  Jersey, 
Pentleld  and  Warren.  603. 

New  mineral  occurrences  in  Canada,  Hoff- 
mann. 381. 

New  minerals  in  Canada,  Hoffmann,  382. 

Note  on  certain  copper  minerals,  Winchell, 
842. 

Occurrence    of    thaumasite,    Penfleld    and 
Pratt,  602. 

Occurrence  of  zoisite  and  thulite,  Bibbins,  70. 

Octahedrite  and  brookite,  Robinson,  654. 

On  bixbyite,  Penfleld  and  Foote,  598. 

On  calaverite,  Penfleld  and  Foote,  600. 

On  cUnohedrite,  Penfleld  and  Foote,  599. 

On  gahnite,  Brush.  86. 

On  hortonolite.  Brush,  84. 

On  mordenite,  Pirsson,  615. 


Xineralonr— Continued. 

On  northupite,  plrseonite,  etc.,  Pratt,  628. 

On  pearceite.  Penfleld.  596. 

On  spangolite,  Penfleld,  595. 

On  sussexite,  Brush,  85. 

On  wellsite.  Pratt  and  Foote,  624. 

Pre-terrestrial  history  of  meteorites,  Farring- 
ton, 270. 

I^rogress  of  mineralogy  in  1899,  Hamilton  and 
Withrow,  387. 

Pyrite  and  marcasite,  Stokes,  729. 

Report  of  section  of  chemistry  and  miner- 
alogy, Hoffmann,  380. 

Second  Branchville  paper,  Bru^h  and  Dana. 
89. 

Serpentines  of  Manhattan  Island,  Newland, 
565. 

Sperrylite,  Wells,  808. 

Spodumene,  and   results  of  its  alteration, 
Brush  and  Dana,  91. 

Structure  of  meteorites,  Farrington,  268. 

The  nonmetallic  ^minerals,    IT.  S.  National 
Museum,  Merrill,  545. 

Third  Branchville  paper.  Brush  and  Dana,  90. 

Ward-Coonley     collection     of     meteorites, 
Gratacap,  817. 
^nerals  described. 

Albertite,  Bailey.  36. 
t  Altaite,  Eakle,  250. 

I         Arsenopyrite,  Chester,  136. 

Atacamite,  Moses,  558. 

Barite,  Rogers,  655. 

Bastnasite,  Allen  and  Comstock,  11. 

Bixbyite,  Penfleld  and  Foote,  596. 

Bomite,  Winchell,  842. 

Brookite,  Robinson,  654. 

Calaverite,  Penfleld  and  Foote,  600. 

Calcite.  Rogers,  655. 

Calcite  strontium,  Chester,  186. 

Caledonite,  Rogers,  655. 

Celestite,  Rogers,  655. 

Chalcopyrite,  Winchell,  842. 

Chlorite,  Blasdale,  66. 

Chrysoberyl,  Moses,  558. 

CUnohedrite,  Penfleld  and  Foote,  599. 

Coquimbite,  Eakle,  250 

Corundum,  Pratt,  622. 

Cymatolite,  Brush  and  Dana,  91. 

Danalite,  Hoffmann,  381. 

Datolite,  Eakle,  250. 

Datolite,  Hoffmann,  382. 

Deweylite,  Chester.  136. 

Diallage,  Blasdale,  66. 

Diamond,  Hobbs,  378. 

Dickinsonite,  Brush  and  Dana,  88,  92. 

Durangite,  Brush,  87. 

Eoeophorite,  Brush  and  Dana,  V^,  90. 

Esmeraldaite,  Eakle.  250. 

Falrfieldite,  Brush  and  Dana,  89,  92. 

Faujasite,  Hoffmann.  382. 

Flllowite,  Brush  and  Dana.  89,  92. 

Gahnite,  Brush,  86. 

Galena,  Rogers,  655. 

Glaucochroite,  Penfleld  and  Warren,  603 

Hamlinite,  Penfleld,  597. 

Hancockite,  Penfleld  and  Warren,  SOS. 

Hanksite.  Pratt,  628. 
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mnaralii  desorib«d— Continued. 

Homhlende.  Bbwdale.  66. 

HortonoUte,  Brush,  84. 

Hmenite,  Chester,  136. 

LeadhilUte,  Rogers,  655. 

Ledonxite,  Richardi),  645. 

Lepidolite,  HoflTmann,  381. 

Lenoophoenicite,  Penfleld  and  Warren,  608. 

Linarite.  Bogen,  655. 

LithiophUlte,  Bmsh  and  Dana,  88,  90. 

Karcasite,  Chester,  136. 

Marcadte,  Stokes,  729. 

Meteoric  iron,  Pratt,  621. 

Meteorite,  Barbour,  41. 

Meteorite,  Charlu>n,  IM.  136. 

Meteorite,  Farrin^ton,  267,  268,  269,  270. 

Meteorite,  Merrill.  544a. 

Meteorite,  Merrill  and  Stokes,  546. 

Mohawkite,  Richards,  645. 

Mordenite,  PirsBon,  615. 

Nasonite,  Penfleld  and  Warren,  608. 

Natron.  Hoffmann,  380. 

Natrophilite,  Brush  and  Dana,  92. 

Newberryite,  Hoffmann,  381. 

Northupite,  Pratt,  628. 

Octohedrite.  Robinson,  654. 

Pearccltc,  Penfleld,  696. 

Peetolite,  Eakle,  250. 

Pectolite,  Moses,  658. 

Phlogopite,  McNaim,  517. 

Pirasonlte,  Pratt,  623. 

Pollucite,  Wells,  809. 

Pureaulite,  Brush  and  Dana,  92. 

Pjrrite,  Rogers,  666. 

Pyrite,  Stokes,  729. 

Pyroxene,  Moses,  658. 

Realgar.  Moses,  558. 

Reddlngite,  Brush  and  Dana,  89,  92. 

Roscoelite.  Lindgren,  497. 

Schorlomite,  Hoffmann,  381. 

Spangolite,  Penfleld,  595. 

Sperrylite,  Wells,  808. 

Spodumene.  Brush  and  Dana,  91. 

Spodumene,  Hoffmann,  381. 

Struvlte,  Hoffmann.  381. 

Suasexite,  Brush,  85. 

Tetrahedrite,  Chester,  136. 

Topaz,  Rogers,  655. 

Tremolite,  Blasdale,  66. 

Triploidite,  Brush  and  Dana,  88. 

TyBonlte,  Allen  and  Comstock,  11. 

Uranophane,  Hoffmann.  381. 

Vermiculite,  Chester,  136. 

VesuTianite.  Moses,  558. 

Wellsite,  Pratt  and  Foote,  624. 

Zircon.  Eakle,  250. 
Minn^aota. 

Constituents  of  Minnesota  soils,  Hall,  831. 

Glacial  lakes  of  Minnesota,  Winchell,  843. 

Keewatin  area  of  eastern  and  central  Minne- 
sota, Hall,  333. 

Keeweenawan  area  of  eastern   Minnesota, 
Hall,  382. 

Iron-ore  deposits  of  the  Lake  Superior  region. 
Van  Hise.  759. 

Lower  Silurian  fauna  of  Minnesota.  Sarde- 
•00,677. 


Kixmeaota— Continued . 

Lower  Silurian  formations  of  Wisconsin  and 

Minnesota,  8ardes(>n,  676. 
Paleozoic  fossils  In  the  drift.  Sardeson,  675. 
Miaslsaippt 

Historical  outline  of  the  geological  and  agri- 
cultural survey  of  the  State  of  Mississippi, 
HUgard.  368. 


Age  of  the  Kansan  drift  sheet.  Hershey,  364. 

Cambrian   fossils   of    St.   Francois   County. 
Beecher,  52. 

Correlation  of  the  Kinderhook  formations, 
Weller,  801. 

Eurypterid     remains     in     the     Cambrian. 
Beecher,  63. 

Fossils  from  the  Upper  Palet)2olc  rocks,  Row- 
ley, 658, 

Qalena-Joplln    lead  and   zinc   district,   Ha- 
worth.  350. 

Geological  Surveys  in  Missouri,  Broadhead,78. 

Geology  and  mineralogy,  Broadhead,  79. 

Limestone  conglomerate  In  the  lead  region, 
Nason.  560. 

Nomenclature  of  the  Cambrian  formations  of 
the  St.  Francois  Mountains.  Keyes,  429. 

Origin  of  Joplin  ore  deposits  Bain.  38. 

Relations  and  age  of  the  St.  Joseph  and 
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Agaricia  Lamarck  1801,  Vaughan,  766. 
agaridtes  (Linneeus),  Vaughan,  766. 
fragilis  (Dana),  Vaughan,  766. 
Agelacrinites  beecheri  n.  sp.,  Clarke,  146. 

buttffi  n.  sp.,  Clarke.  146. 
Agoniatities  expansus,  Clarke,  145. 
Agriocboerus  maximus  n.  sp.,  Douglass,  231a. 

minimus  n.  sp.,  Douglfuw,  234a. 
Alasmidonta  Say,  Letson,  493. 

calceola  (Lea)  Simpson,  Letson,  493. 
truncata  (Wright)  Simpson,  Letson,  493. 
Alisina  bametti  n.  sp.,  Kindle,  442. 

barnetti  var.  elongata  n.  var.,  Kindle,  442. 
Alveoporo  regolaris  Duncan,  Vaughan,  766. 
Amboeoelia  nana  Grabau,  Wood,  855. 
umbonata  (Ck>nrad).  Kindle,  442. 
Ammonitella  yatesi  praecursor,  Stanton,  711. 
Amnlcola  Gould  and  Haldcman,  Letson,  493. 
letsoni  Walker.  Letson,  493. 
UmoM  (Say)  Hild.,  Letson.  493. 


Paleontolos7— Continued. 
Qentra  and  species  (te«ert5«i— Continued. 
Amnieola  protia  Gould,  Steams,  727a. 
Amnigenia  catskUlensis  Van  uxem  sp. , Clarke, 

147. 
Amphicyon  americanus,  Wortman,  860. 
Amphist^na  lessonii  d'Orbigny,  Bagg,  36. 
Amplexopora  multispinosa  n.  sp.,  Cumings, 

180. 
Amplexus  radigerus  n.  sp.,  Rowley,  658. 

vermicularis  n.  sp.,  Rowley,  658. 
Ampyx  niagarensis  n.  sp.,  van  Ingen,  763. 
(Lonchodomas)  hastatus  n.  sp.,  Ruede- 
mann,  660. 
Anastrophia  Hall,  Grabau,  806. 
brevirostris  Hall,  Grabau,  806. 
interaasoens  Hall  1879,  Beecher,  51. 
interplicata  (Hall),  Grabau,  806. 
Anolotichia  impolita  Ulr.,  Sardeson,  671. 
Anomalina  ammonoides  (Reuss),  Bagg,  85. 

grossexugosa  (Gumbel),  Bagg,  35. 
Anomia  marylandica  n.  sp.,  Clark  and  Mar- 
tin, 141. 
mcgeei  Clark,  Clark  and  Martin,  141. 
Anoplotheca  Sandberger,  Grabau,  306. 
hemispherica  (Sowerby),  Ombau,  306. 
plicatula  (Hall),  Grabau,  306. 
Aparchites  minutiarimus  var.  robustus  n.  var., 

Ruedemann,  660. 
Aporrhals  potomacensis  n.  sp.,  Clark   and 

Martin,  141. 
Aptychopsis  terranovicus,  Matthew,  529. 
Araucarioxylon  prosseri  n.  sp..  Pen  hallow, 
604. 
virginianum,  Knowlton,  464. 
Arges  arkansanus  n.  sp.,  van  Ingen,  763. 
phylctenoides  (Green)  1837,  van  Ingen, 

763. 
sp.,  van  Ingen,  763. 
Arretotherium  acridens  n.  gen.  et  sp.,  Doug- 
lass, 234a. 
Arthroclema  armatum  Ulr.,  Sardeson,  672. 
Arthrophycus  Hall,  Grabau,  306. 

harlani  (Conrad),  Grabau,  306. 
Astarte  marylandica  Clark,  Clark  and  Mar- 
tin, 141. 
Athyria  crassicardinalis  White,  Weller,  804. 
fultonensis  (Swallow),  Kindle,  442. 
spiriferoides  (Eaton),  Kindle,  442. 
Atrypa  Dalman,  Grabau,  306. 
nodostriata  Hall,  Grabau,  306. 
reticularis  Linnteus  1767,  Beecher,  51. 
reticularis  (Linneeus),  Grabau,  306. 
reticularis  (Linnsus),  Kindle.  442. 
reticularis   var.   ellipsoida  (Nettleroth), 

Kindle,  442. 
rugosa  Hall,  Grabau,  806. 
spinosa  Hall,  Kindle,  442. 
Atrypina  dispariUs  Hall  1852,  Beecher,  51. 
Aulopora  amplexa  n.  sp.,  Rowley,  658. 

longi  n.  sp.,  Rowley,  668. 
Aviculopecten  crahsicostata  H.  and  W.,  Kin- 
dle, 442. 
exactus  Hall,  Kindle,  442. 
fasciculatus  Hall.  Kindle,  442. 
iowensis  Miller,  Weller,  804. 
nebrascensis  n.  sp.,  Beede,  55. 
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P»leontologT— CoDtfnned. 
Genera  and  ifpecies  described— C<mtinued. 
Ariculopecten  princeps  (Conrad)  HalU  Kin- 
die,  442. 

(Ptcrtnopecten?)  tenninalUi  Hall.  Kindle. 
442. 
Aviculopinna  knigbti  n.  Rp.,  Beede,  55. 

nebrascensiB  n.  sp.,  Beede,  55. 
Axophyllom?  alien!  n.  gp.,  Rowley,  658. 
BalanophylUadesmophyllum  Milne-Edwards 

and  Uaime,  Vaughan,  765. 
Barrendella  Hall  and  Clarke,  Orabau,  806. 

fomicatA  (Hall),  Orabau,  306. 
Barrioffclla  mibf^patulata  Meek  and  Worthen, 

Kindle,  442. 
Basilos.urus  cetoide»  (Owen),  Lncafl,  502. 
Batbocyprls  parilis  n.  Rp.,  Ulricb,  750. 

subaequata  n.  rp.,  Ulricb,  760. 
Bathygenys  n.  gen.,  Donglass,  234a. 
Batofitoma  fertile  Hr.,  Sardewn,  671. 
Batostomella  Ulricb,  Grabau,  806. 

grannlifera  (Hall),  Orabau,  806. 
Belleropbon  curvllineatus  Con.,  Kindle,  442. 

leda-Hall,  Kindle,  442. 

lyra  Hall,  Kindle,  442. 

panneus  Wbite,  Weller,  804. 

patulus  Hall,  Kindle,  442. 

pelops  Hall,  Kindle,  442. 

sp..  Kindle,  442. 

sp.  undet.,  Weller,  804. 
Bicia  n.  gen.,  Walcott,  771. 

genuna  Billings,  Walcott,  771. 

whiteaveai  n.  gp.,  Walcott,  771. 
Biflnstra  torta  Gabb  and  Horn.  Ulricb,  751. 
Bilobltes  various,  Beecber,  61. 
Bittium  (Elacbista)  califomicum  n.  8p.,  Dall 

and  Bartscb,  189. 
Blothropbyllum  coniferum  n.  sp.,   Greene, 
319. 

greenel  n.  sp.  (Rowley),  Greene,  320. 
Bollia  Jones  and  HoU,  Grabau,  806. 

comucoplffi  n.  pp.,  Ruedemann,  G60. 

symmetrica  (Hall),  Grabau,  306. 
Bolporltes  americanus  Billings,  Ruedemann, 

660. 
Bordenia,  n.  gen.,  Greene,  320. 

Kapbrentlformis  n.  sp.,  Greene,  820. 
Bradorift  n.  gen.,  Mattbew,  630. 

rugulosa  n.  Bp.,  Mattbew,  530. 

scrutator  n.  sp.,  Matthew,  530. 

vigilans  n.  sp.,  Matthew,  530. 
Brontcu««  Goldfuss,  Grabau,  306. 

hinatus  Billings,  Ruedemann,  660. 

niagarensls  Hall,  Grabau.  306. 
Brontosaunis,  Hatcher,  347. 
Brontosaurus,  Osborn  and  Granger,  585. 
Bueanla  Hall,  Grabau,  306, 

triloba trt  (Conrad).  Grabau,  806. 
Buciinia  devonica  Hall  and  Wbitf.,  Kindle. 

4t2. 
Bucnnopsis  perelegans  (W.  «fc  W.),  Weller,  804. 
Butbotrephis  divaricata  n.  >sp.,  White.  809a. 

newlini  n.  sp„  White,  809a. 
Bythocypris  cylindrlca  Hall  sp.,  Reudemann. 

660. 
Bythopora  Miller  and  Dyer,  Gralmu.  306. 

spinuhisa  (Hall).  Grabau.  306. 


PatoontolocT— Contintied. 
Genera  and  speeiet  dcscrfljfd— Continued. 
Bythotrephis  gracilis  Hall,  Graban,  806. 

lesquereuxi,  Graban,  306. 
Bythinella  Moquin-Tandon,  Letson,  498. 

obtusa  (I^ca)  Binney,  Letson,  493. 
Cadulus  abruptus  Meyer  and  Aldrich^  Clark 

and  Martin,  141. 
Callianaasa  Leach,  Pilsbry,  613. 

mortoni  n.  sp.,  Pilsbry,  613. 
Calliostoma  sp..  Clark  and  Martin,  141. 
Callocystites  Hall,  Grabau,  806. 

Jewetti  Hall,  Grabau,  306. 
Callonema  bellatula  Hall,  Kindle,  442. 

clarki  Nettlerotb.  Kindle.  442. 

conus  n.  sp..  Kindle,  442. 

imitator  (Hall  and  W*bitf.),  Kindle.  442. 

Uchas  Hall,  Kindle,  442. 
Callopora  Hall,  Grabau,  306. 

elegantula  Hall,  Grabau,  806. 

multitabulata  Ulr.,  Sardeson,  671. 
Calymene  Brongt.,  Grabau,  806. 

blumenliaehi  niagarensis  Hall,  Orabau, 
806. 

platys  Green,  Kindle,  442. 
Calyptraea  aperta  (Solander),  Clark  and  Mar- 
tin, 141. 
Calyptraphorus  Jacksoni  Clark,  Clark  and 
Martin,  141. 

trlnodiferus  Conrad,  Clark  and  Martin, 
141. 

trlnodiferus  var.  (?),  Clark  and  Martin, 
141. 
Camarella  bemensis  n.  sp.,  Sardeson,  677. 

owatonnensis  n.  sp.,  Sardeson,  677. 
Camaropborella  lentieularis  (W.  &  W.),  Wel- 
ler. 804. 
Camarophoria  caput-testudinis  (White),  Wal- 
ler. 804. 
Camarospira  eucharis  Hall,  Kindle,  442. 
Camarotoechia  Hall  and  Clarke,  Grabau,  806. 

acinus  Hall  1863,  Beecher,  51. 

acinus  Hall,  Grabau,  306. 

Carolina  Hall,  Kindle,  442. 

congregata  (Conrad),  Kindle,  442. 

heteropsis  (Win.),  Weller,  804. 

indianensis  Hall  1863,  Beecher,  51. 

neglecta  Hall  1852,  Beecher,  51. 

(?)  neglecta  Hall,  Grabau.  .306. 

nitida  n.  sp..  Kindle,  442. 

obtusiplicata  Hall,  Grabau,  306. 

pauciplicata  n.  sp.,  Wood,  855. 

persinuata  (Win.;,  Weller,  SM. 

prolifica  (?)  Hall.  Wood,  855. 

sappho  Hall,  Kindle,  442. 

t«thy8  (Billings),  Kindle,  442. 

whitii  Hall  1863,  Beecher,  51. 
CamerosauriLs  Cope,  Riggs,  651. 
Campeloma  Rafinesque,  Letson.  493. 

decisa  Say.  Letson,  493. 
Cancellaria  graciloides  Aldricb  var.,  Clark 
and  Martin,  141. 

(Narona)  potomacensis  n.  sp.,  Clark  and 
Martin.  141. 

sp.,  Clark  and  Martin.  141. 
Capulus  cassensis  n.  sp.,  Kindle,  442. 

paroliui*  (W.  &  W.).  Weller.  804. 

vomerium  (Win.),  Weller,  804. 
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Patoontology— Conti  nued. 
Oenem  cutd  ipeeiet  d«cri6«/— Continued. 
Carcharodon  auricula tus  (BlainvUle),  Case, 

251. 
Cardiopsis  craosicofitata  Hall  and  Whitfield, 

Kindle.  442. 
Caricella  pyruloldes  (7)  (Conrad),  Clark  and 

Martin,  141. 
Carinaropsis  carinata  Hall,  Roedemann,  600. 
deleta  n.  sp.  Sardeson,  677. 
(or  Bellerophon)  phalera  n.  sp.,  Sardeson, 
677. 
CarpenterobUmtns  n.  gen.,  Rowley,  658. 

pentagonus  n.  sp.,  Rowley,  658. 
Carpollthus  marylandlcus  n.  sp.,  Hollick,  887. 

var.  mgomis  n.  var.,  Hollick,  387. 
Caryocrinus  Say,  Grabau,  306. 
omatUH  Say,  Grabau,  3U6. 
Cavaria  domosa  n.  sp.,  Ulrich,  751. 
Oentronella  glansfagea  (Hall),  Kindle,  442. 
Oenmopora,  Hall,  Grabau,  306. 
imbricata  Hall.  Grabau,  306. 
iDcmstans  Hall,  Grabau,  306. 
Ceratlocftris  McCoy,  Grabau,  306. 
acuminata  Hall,  Grabau,  306. 
(Phasganocarls?)  deweyi  Hall,  Grabau, 
306. 
Ceratocephala  coalescens  n.  sp.,  van  Ingen, 
768. 
goniata  Warder,  van  Ingen,  763. 
Dodulata  n.  sp..  van  Ingen,  768. 
Ceratopora   agglomerata   n.    sp.    (Grabau), 

Greene,  320. 
Ceriopora  micropora  Goldfuss,  Ulrich,  751. 
Chllotrypa  Ulrich,  Grabau.  806. 

ostiolate  (Hall),  Grabau,  806. 
Choodrodonta  n.  gen.,  Stanton,  726. 
glabra  n.  sp.,  Stanton,  726. 
mnnsoni  (Hill),  Stanton,  726. 
Chonetes  Fischer  de  Waldheira,  Grabau,  306. 
arcuatus  Hall,  Kindle,  442. 
borllngtonenais  n.  sp.,  Welier,  804. 
comutus  (Hall),  Grabau,  306. 
/        gregarius  n.  sp.,  Welier,  801. 
lepidus  Hall.  Kindle,  442. 
manitobiensis  Whiteaves,  Kindle,  442. 
mucronatus  Hall,  Kindle,  442. 
mucronatus  Hall.  Wood,  855. 
scitulus  Hall,  Wood,  855. 
subquadratus  Ncttleroth,  Kindle,  442. 
vicinus  (Ca.«ite1nau),  Kindle,  442. 
yandellanus  Hall,  Kindle,  442. 
Chonopectus  fischeri  (N.  &  P.).  Welier.  804. 
Chonophyllum  Edwards  and  Haime.  Grabau. 
806. 
infondibulum  n.  sp.,  Greene,  319. 
niagarense  Hall,  Grabau,  306. 
typicum  n.  sp..  Greene.  319. 
Chonoatrophla  jerinensis  n.  sp.,  Schuchert, 
682. 
montrealensis  n.  sp..  Schuchert,  682. 
Chnstianla  trentonensis  n.  sp.,  Ruedemann, 

660. 
Cbrysodomus  engonatns   (Heilprln),  Clark 

and  Martin.  141. 
Cladopora  Hall,  Grabau,  806. 
multlpora  Hall,  Grabau,  806. 


Paleontology— Con  tinned . 
Oenera  and  species  described— Continued 
Cladopora  f>eriata  Hall,  Grabau,  30C. 
Claenodon,  Matthew,  538. 
Clathropora  Hall,  Grabau,  306. 

alcieomls  Hall,  Grabau,  306. 

frondom  Hall,  Grabau,  306. 
Clathrospira  subconica  Hall,  Ruedemann,  660. 
Cleithyris  hirsuta  Hall,  Welier,  SM. 
Climacograptus  scharenbergi,  Ruedemann, 

660. 
Clinopistha  antiqua  Meek,  Kindle.  442. 

striata  Nettleroth,  Kindle,  442. 

subnasuta  Hall  and  Whitfield,  Kindle,  442. 
Coleoides  typicalis  Wale,  Matthew,  529. 
Coleolus  tenuicinctum  Hall,  Kindle,  442. 
Coleophyllum?  greeni  n.  sp.,  Rowley,  658. 
Colodon  cingulatus  n.  sp.,  Douglass,  234a. 
Colpophyllia  gyrosa  (Ellis  and  Solander), 

Vaughan,  776. 
Conchidium  knighti    (Nettleroth)?   Kindle, 

442. 
Conchopeltis  (or  Metoptoma)  obtusa  n.  sp., 

Sardeson,  677. 
Conocardium  cuneus  Hall,  Kindle,  442. 

ohioense  Meek,  Kindle,  442. 

pulchellum  W.  &  W.,  Welier,  804. 
Conularia  Miller,  Grabau,  306. 

niagarensifi  Hall,  Grabau,  306. 

sp..  Kindle,  442. 
Coralliophaga    (Oryctomya)    bryani   Clark, 

Clark  and  Martin,  141. 
Corbula  aldrichi  Meyer,  Clark  and  Martin, 
141. 

oniscus  Conrad,  Clark  and  Martin,  141. 

Bubengonata  Dall,  Clark  and  Martin,  141. 
Cordaites  Unger,  Penhallow,  604. 

acadianum  Dn.,  Penhallow,  604. 

annulatum  Dn.,  Penhallow,  604. 

brandlingii,  Penhallow,  604. 

clarkii  Dn.,  Penhallow.  604. 

halli  Dn.,  Penhallow,  6(M. 

hamiltonense  n.  8p.,  Penhallow,  604. 

illinoisense  Dn.,  n.  sp.,  Penhallow,  604. 

materiarium  Dn.,  Penhallow,  604. 

matriode  Dn.,  n.  sp.,  Penhallow.  604. 

newberryi  (Dn.)  Knowlton,  Penhallow, 
604. 

ohioense  Dn..  n.  sp.,  Penhallow.  604. 

pennsylvanicum  Dn.,  n.  sp.,  Penhallow, 
604. 

quangondianum  Dn.,  Penhallow,  604. 

recentiura  Dn.,  n.  sp.,  Penhallow,  604 
ComuIitCH  Sohlotheim,  Grabau,  306. 

bellistriatus  Hall,  Grabau,  306. 
Cranxna  romingeri  Hall,  Kindle,  442. 
Crania  crenistria  Hall,  Kindle,  442. 

delicata  n.  sp.  (Rowley),  Greene,  320. 

depre^ssa  n.  sp.  (Rowley),  Greene,  320. 

granosa  Hall  and  Clarke,  Kindle.  442. 

greenei  Miller,  Kindle.  442. 

halli  n.  sp.,  Sardeson.  677. 

?lemoni  n.  sp.  (Rowley),  Greene,  320. 

modesta,  W.  &  St.  J.  sp.  Rowley,  Greene, 
320. 

recta  n.  sp..  Wood,  855. 

robusta  n.  sp.  (Rowley),  Greene,  320. 
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Paleontolosry— Continued. 
Genera  and  tq)ecU:»  described—Continued. 
Crania  hhcldoni  White,  Kindle.  442. 

suliriana  Hall  1863,  Beecher.  51. 

sp..  Kindle,  442. 
Craniella  Immiltonse  Hall,  Kindle,  442. 
Cranocera>!  ?  ellipticum  n.  sp.  Rowley,  Greene, 

3-20. 
CraMsitellites  alseformls  (Conrad),  Clark  and 
Martin,  141. 

alta  (Conrad),  Clark  and  Martin,  141. 

aquiana  (Clark),  Clark  and  Martin,  141. 

»p.,  Clark  and  Martin,  141. 
i;reo8aurn9  Marsh,  Williston,  836. 
Cribrilina  crassula  n.  sp.,  Ilrich,  751. 

modesta  n.  sp.,  Ulrich,  751. 
Cristellaria  gibba  (d'Orbigny),  Bagg,  35. 

radiata  (Bornemann),  Bagg,  35. 

rotulata  (Lamarck),  Bagg,  35. 
Cryptonella  lens  Hall,  Kindle,  442. 

ovalis  Miller,  Kindle,  442. 
Ctenobolbina  ciliata,  Ruedemann,  659. 

cilata  var.  comula  n.  var.,  Ruedemann, 
659. 

subrotunda  n.  sp.,  Ruedemann,  659. 
Ctenodonta  c(.  astarf8eformi.s  Salter,  Ruede- 
mann, €60. 
CucuUeea  gigantea  Conrad.  Clark  and  Martin, 

141. 
Cupressinoxylon  eheyennense   n.    sp.,  Pen- 
hallow,  604. 

comanehense  n.  sp.,  Penhallow,  604. 
Cybele  sp.,  Ruedemann,  660. 
Cyclonema  caneellata.  Kindle,  442. 

crenulata  Meek,  Kindle,  442. 
Cyelorhlna  nobilis  Hall,  Kindle,  442. 
Cylichna  venusta  Clark,  Clark  and  Martin, 

141. 
Cylindrodon  fontis  n.  gen.  et  sp.,  Douglass, 

234a. 
Cyphaspis  hudsoniea  n.  sp.,  Ruedemann,  660. 

matutina  n.  sp.,  Ruedemann,  660. 
Cypra-a  smithii  Aldrieh,  Clark  and  Martin, 

141. 
Cypricardinia  cataracta  Conrad,  Kindle,  442. 

?  cylindrica  H.  and  W.,  Kindle,  442. 

indenta  Conrad,  Kindle,  442. 
Cypricardltes  luculentus  n.  sp.,  Sardeson,  677. 

niinnesoten.His  n.  sp.,  Sardeson,  677. 

tiiangularsis  n.  sp.,  Sardeson,  677. 

vicinus  n.  sp.,  Sardeson,  677. 
Cyrtina  Davidson,  Gmbau,  306. 

aeutirastri.s  (Shum.)?,  Weller,  804. 

CTAmi  Hall,  Kindle,  442. 

hamilt(mensi>«  Hall,  Kindle,  442. 
var.  recta  Hall,  Kindle,  442. 

pyramidalis  (Hall),  Grabau,  306. 
Cyrtocenis  Goldfuss,  Grabau,  806. 

e.xiMinsum  n.  sp.,  Kindle,  442. 

subcancellatum  Hall,  Gralmu,  306. 

sp..  Kindle,  442. 
Cyriolltes  bennetti  n.  sp.,  Rowley,  658. 
Cyrtosplra  attenuata  n.  sp.,  Rue<lemann,  660. 
Cystelasma  septa ta  n.  sp.,  Greene,  320. 
Cyslhiphyllum  Goldfuss,  Grabau,  306. 

divcrsum  ii.  sp.,  (irccne,  319. 

ex{)an'<uni  n.  sp.,  Greene,  319. 


Paleontolon^ — Con  tin  ued . 
Genera  and  species  <ic*or/(>e</— (Continued. 
Cysthiphyllum    nydraulicum  Simpson,  Gra- 
bau, 306. 
louisvillenids  n.  sp.,  Greene,  819. 
multicrenatum  n.  sp.,  Greene,  320. 
Cythere  roarylandica  n.  sp.,  Ulrich,  750. 
Cythereis  baasleri  n.  sp.,  Ulrich,  750. 
Cytherella  marlborensis  n.  sp.,  Ulrich,  750. 

submarginata  n.  sp.,  Ulrich,  750. 
Cytheridea  perarcuata  n.  sp.,  Ulrich,  750. 
Dadoxylon  antiquum  Dn.,  Penhallow,  604. 
edvardianum  Dn.,  Penhallow,  601. 
I  prosseri  n.  sp.,  Penhallow,  604. 

Dalmanella  Hall  and  Clarke,  Grabau,  306. 
!  elegantula  Dalman,  Grabau,  806. 

'  elegantula  Dalman  1827,  Beecher,  51. 

subaequata  var.  parvetus  Conrad,  Ruede- 
mann, 660. 
Dalmanites  Barrande,  Grabau,  306. 
achates  Billing^!,  Ruedemann,  660. 
limulurus  (Green),  Grabau,  306. 
(Chasmops),  anchiops  (Green),  Kindle. 
442. 
cab^pso  H.  and  \V.,  Kindle,  442. 
(Cryphseus  booth!  var.  calliteles  Green 
(H.  andC).  Kindle,  442, 
pleione  Hall  and  Clarke,  Kindle,  442. 
(Hausmannia)  pleuroptyx  Green  (Hall?), 

Kindle,  442. 
(Odontocephalus)  a^geria  Hall,  Kindle, 
442. 
selenurus  (Hall  and  Clarke),  Kindle, 
442. 
(Synphoria)  arkansanus  n.  sp..  Van  Ingen, 
763. 
vigilans  Hall,  Van  Ingen,  763. 
Dckayia  cystala  n.  sp.,  Cumings,  180. 

magna  n.  sp.,  Cumings,  180. 
Delthyris  raricosta  Conrad,  442. 
sculptilis  Hall,  Kindle,  442. 
Dentalium  grandsevum  Win.,  Weller,  801. 
minutistriatum  Gabb,  Clark  and  Martin, 

141. 
mississippiensis  Gabb,  Clark  and  Martin. 
141. 
Dexiobia  halli  Win.,  Weller,  80-1. 

ovata  (Hall),  Weller,  804. 
Diamesopora  Hall,  Grabau,  306. 

dkhotoma  Hall,  Grabau.  806. 
Dlaphonwtoma  Fischer,  Grabau,  806, 

niagarense  Hall,  Grabau,  806. 
Dictyomella  Hall,  Grabau,  806. 

corallifera  Hall.  Grabau,  806.     ^ 
Dictyonella  reticulata  Hall  1868,  Beecher  51. 
Dictyonema  Hall,  Grabau,  806. 
retiforme  Hall,  Grabau,  306. 
Dielasma,  Beecher,  51. 

?  pediculus  n.  sp.,  Rowley,  658. 
zellei  (Win.),  Weller.  804. 
Diploclema  Ulrich,  Grabau,  306. 

sparsa  (Hull),  Grabau,  306. 
Dlplodcx'UH  (Marsh),  Hatcher,  342. 
DiplodocuN.  Osborn  and  Granger,  f)?s5. 
Diplodonta  hopkinsensis  Clark,  Clark  and 
Martin,  141. 
marUx)roensis  n.  sp.,  Clark  and  Martin, 
141. 
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Paleontology— <:ontiniied. 
Genera  and  ttpecifn  described— Continued. 
Diplophyllum  Hall,  Grabau,  306. 

cae«pitof«nm  Hall,  Grabau,  306. 
Dlplorla    UbyrintbiformiB    (Unn.)   emend 

Epper,  Vaughan.  766. 
Diplotrypa  limitari^  dr.,  Sardeson,  671. 
Diseina  concordensls  n.  xp.,  Sardeson,  677. 
Discorbina  berthelotl  (d'Orbigny),  Bagg,  36. 

turbo  (d'Orbigny),  Bagg,  85. 
Discoeparsa  varians,  n.  »p.,  Ulrich,  751. 
Dolichoptenis  Hall,  Giabau,  306. 

macrochims  Hall,  Grabau,  306. 
Doslniopds  lenticularis  (Rogers).  Clark  and 

Martin,  141. 
Dromocyon  vorax  Marsh,  Wortman,  864,  866. 
Drymotrypa  riricb,  Grabau,  306. 

diffusa  (Hall),  Grabau,  306. 
Eccyliopterus  spiralis  n.  «p.,  Ruedemann,  660. 
Edmondia  nuptialis  Win.,  Weller,  804. 

strigillata  Win.,  Weller,  804. 
Enallophyllum,  n.  gen.,  Greene,  320. 

grabau!  n.  f»p.,  Greene,  320. 
Encrinurus  Emmrich,  Grabau,  306. 

omatus  Hall  and  Whitfield,  Grabau,  806. 

punctatus  (Brunnich).  Wahlenberg   van 
Ingen,763. 
Enterolasma  Simpson,  Grabau,  306. 

caliculus  (Hall),  Grabau,  306. 
Eopolyehaetas    albaniensis    n.   gen   et  sp., 

Ruedemann,  669. 
Epiphragmophora  fidelis  anteeedens  Steams, 

727. 
Equus  barcenaei  Cope,  Gldley,  292. 

eomplicatus  (Leidy),  Gldley,  292. 

converaidensOwen,  Gidley,  292. 

erenidens  Cope,  Gidley,  292. 

fratemus  Leidy,  Gidley,  292. 

giganteus  n.  sp.,  Gidley,  292. 

occidentalis  Leidy,  Gidley,  292. 

pacifleus  Leidy,  Gidley,  292. 

pectinatus  (Cope),  Gidley,  292. 

scotti  Gidley,  Gidley,  292. 

semiplicatos  Cope,  Gidley,  292. 

tau  Owen,  Gldley,  292. 
Eridotrypa  mutabilis  Ulr.,  Sardeson,  671. 

vevayensis  n.  sp.,  Cumings,  180. 
Esehara  (??)  digitata  Morton.  Ulrich,  751. 
Eucalyptociinus  Goldfuss,  Grabau,  306. 

decorua  (Phillip»<).  G-^bau,  306. 
Euclastes  (?)  Clark,  Case,  120. 
Eucrotaphus  helense  n.  sp.,  Douglass,  234a. 
Eumys  minor  n.  sp.,  Douglass,  234a. 
Eunella  harmonia  Hall,  Kindle,  442. 

lincklaeni  Hall,  Kindle,  442. 

sullivanti  Hall,  Kindle.  442. 
EuomphalUH  planodiwrus  Hall,  Kindle,  442. 

sampsoni  Nettleroth,  Kindle,  442. 

(Straparollus)  exiguus  n.  sp..  Kindle,  442. 
Eupsammia  conradi  Vaughan,  Vaughan,  765. 

elaborata  (Conrad),  Vaughan,  765. 
Eurychllina  bulbifera  n.  sp.,  Ruedemann,  660. 

dianthus  n.  sp.,  Ruedemann,  660. 

obliqua  n.  sp.,  Ruedemann,  660. 

(?)  solida  n.  sp,,  Ruedemann,  660. 

Bubradiata  var.  rensselaerlca  n.  var.,  Rue- 
demann, 660. 


Paleontolonr— <^'^>ntinued. 
Genera  and  8j>rnes  d(»cribed — Continued. 
Eurj-pteruh  De  Kay,  Grabau.  306. 
dekayi  Hall,  Grabau,  306. 
lacustrls  Harlan,  Grabau,  806. 
pachychirus  Hall,  Grabau,  306. 
pustuloHus  Hall,  Grabau,  306. 
remlpeH  De  Kay,  Grabau,  306. 
robustus  Hall,  Grabau,  306. 
Eusarcus  Grote  and  Pitt,  Grabau,  806. 
grandis  Grote  and  Pitt,  Grabau,  306. 
Bcorpionis  Grote  and  Pitt,  Grabau,  306. 
Fa.<M?ipora  subramosa  n.  sp.,  Ulrich,  751. 
Favia  Oken.  1816,  Vaughan,  766. 
Favosites  Lamarck,  Grabau,  306. 
constrictiLs  (Hall),  Grabau.  306. 
niagarensis  Hall,  Grabau,  306. 
parasiticus  (Hall),  Grabau,  306. 
pyriformis  (Hall).  Grabau,  306. 
Fenestella  Lonsdale,  Grabau,  306. 

elegans  Hall,  Grabau,  306. 
Fistulipora  carbonaris  Ulr.,  Sardeson,  671. 
Fissuridea  marlboroensis  u.  sp.,  Clark  and 

MarUn,  141. 
Flabellum  sp.,  Vaughan,  765. 
Fluminicola  columblana  (Hemphill)  Pilsbry, 
Steams,  727a. 
merriami  Pilsbry  and  Beecher,  Steams, 
727a. 
Fulguroficus  argutus  Clark,  Clark  and  Mar- 
tin. 141. 
Fusispira  (?)  .spicula  n.  sp.,  Sardeson,  677. 
Fusoficula   juvenis   (Whitfield),  Clark   and 

Martin,  141. 
Fusus  interstriatus  Heilprin,  Clark  and  Mar- 
tin, 141. 
(?)  subtenuis  Heilprin,  Clark  and  Martin, 
141. 
'    Galeocerdo  latldens  Agassiz,  Case,  251. 
Gastrocha^ana  sp.,  Clark  and  Martin,  141. 
Gemmaeocrinus    carinatus    n.    sp.,    Wood, 

856. 
Gerasaphes  ulrichana   Clarke,  Ruedemann, 

660. 
Gibbula  glandulu  (Conrad).  Clark  and  Mar- 
tin. 141. 
Globigerlna  buUoides  d'Orbigny,  Bagg.  35. 
Glossina  triangulata  Nettleroth,  Kindle,  442. 
Glyeymeris  idoneus  (Conrad),  Clark  and  Mar- 
tin, 141. 
Glyptias  favosa  Linnarsson.  Walcott,  771 
Glyptocrinus  plumosus  Hall,  Grabau,  306. 
Glyptodesma  cancellata  Nettleroth,  Kindle, 
442. 
erectum  Hall.  Kindle,  442. 
occldentale  Hall,  Kindle,  442. 
Gomphoceras  .Sowerby,  Grabau,  306. 

bellatulum    n.    sp.    (Rowley),    Greene, 

320. 
facetum  n.sp.  (Rowley).  Greene,  320. 
minum  Hall.  Kindle  442. 
oviforme  Hall  sp.  Rowley,  Greene.  320. 
oviforme  Hall,  Kindle,  442. 
raphanus  Hall?,  Kindle.  442. 
striatum  n.  sp.  (RoAvley),  Greene,  320. 
turbiniforme  M.  and  W.,  Kindle,  442. 
sp.,  Kindle,  442. 
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Paleontolonr— Continued. 
Genera  and  tpecies  deBcribed—Continued. 
Ooniatites  delphiensis  n.  sp.,  Kindle,  442. 

discoidcus  var.  ohioensis   Hall,  Kindle, 
442. 

wabashensis  n.  sp.,  Kindle,  442. 
Goniobasis  Lea,  Letson,  493. 

haldemani  Tyron,  Letson,  493. 

levescens  (Menke)  Tyron,  Letson,  493. 

var.  niagarensis  (Lea)  Tyron,  Letson, 493. 
Goniophora  hamiltonensis  Hall,  Kindle,  442. 

truncata  Hall,  Kindle,  442. 
Grammysia  arcuata  Hall,  Kindle,  442. 

imbricatA  Rowley,  Greene,  320. 

secunda  var.  gibbosa  H.  and  W.,  Kindle, 
442. 

subarcuata  Hall?,  Kindle,  442. 
Gryphsea   vesicularis    Lamarck,  Clark  and 

Martin,  141. 
Gypidula   romingeri   var.  indianensis  nov. 

var.,  Kindle,  442. 
Gyroceras  burlingtonensis  Owen,  Wellcr,  804. 

indianense  n.  sp.,  Kindle,  442. 

inelegans  Meek?,  Kindle,  442. 

jason  Hall,  Kindle,  442. 
Halysites  Fischer,  Grabau,  306. 

catenalatus  (Linn.),  Grabau,  306. 
Harpagolestcs  macrocephalus  n.  gen.  et  sp., 

Wortman,  864. 
Harpalodon  sylvestris  Marsh,  Wortman,  863. 
Helenia  granulata  n.  sp.,  Matthew,  529. 
Helicoceras  stevensoni,  Whitfield,  823. 
Heliolltes  Guettard,  Grabau,  306. 

elegans  Hall,  Grabau,  306. 

pyriformis  Guettard,  Grabau,  306. 

Hpiniporus  Hall,  Grabau,  306. 
Heliophyllum  ampliatum  n.  sp.,  Greene,  321. 

coUatum  n.  sp.,  Greene,  320. 

conigerum  n.  sp.,  Greene,  320. 

hammelli  n.  sp.,  Greene,  320. 

rowleyi  n.  sp.,  Greene,  319. 

spiculatum  n.  sp.,  Greene,  320. 
Helopora  Hall,  Grabau,  306. 

fragilis  Hall,  Grabau,  306. 
Hercoglossa  tuomeyi  n.  sp.,  Clark  and  Mar- 
tin, 141. 
Hetepora  (?)  tecta  n.  sp.,  Ulrich,  751. 
Hipparion  eurystylus  (Cope),  Gidley,  292, 
Holopea  conica  Win.,  Weller,  804. 

(?)  perundosa  n.  sp.,  Sardeson,  677. 
Homalonotus  Koenig,  Grabau,  306. 

delphinocephalus  (Green),  Grabau,  306. 
Homceoepira  Hall  and  Clarke,  Grabau,  306. 

apriniformis  Hall,  Grabau,  306. 

evax  Hall  1863.  Beecher,  51. 

sobrina  n.  sp.,  Beecher,  51. 
Homotrypa  minnesotensis  Ulr.,  Sardeson,  671. 
Hoploparia  McCoy,  Pilsbry,  613. 

gabbl  n.  sp.,  Wlsbry,  613. 
Hyffinodon  minutus  n.  sp.,  Douglass,  234a. 

montanus  n.  sp..  Douglass,  234a. 
Hyatella  Hall  and  Clarke,  Grabau,  306. 

congesta  (Conrad),  Grabau,  306. 
Hyolithellus  (?)  flexuosus  n.  sp.,  Matthew, 
529. 

micans  Billings,  Matthew,  529. 

micans  Billings,  Ruedemann,  660. 


Palaontoloffy— Continued . 
Genera  and  species  rfe»crt6ed— Continued. 
Hyolithes  excellens  Bill.,  Matthew,  529. 

rugosus  n.  sp.,  Matthew,  529. 
Hyolithus  rhine  n.  sp.,  Ruedemann,  660. 
Ichthycrinus  Conrad,  Grabau,  806. 

leevis  Conrad,  Grabau,  306. 
Ictops  acutidens  n.  sp.,  Douglass,  234a. 
Igoceras  undata  (Win.),  Weller,  804. 
niffinus  Dalman,  Grabau,  306. 

americanus  Billings,  Ruedemann,  660. 

ioxus  Hall,  Grabau,  306. 
Isochilina  Jones,  Grabau,  306. 

armata  var.    pygmaea   n.    var.,   Ruede- 
mann, 660. 

cylindrica  (Hall),  Grabau,  306. 
Isomena  humilus  Meek?,  Kindle,  442. 
Isopora  Studer.  1878,  Vaughan,  766. 

muricata  (Linneeus)  forma  muricata  s.  s. 
(=cervicomi8    Lamarck),     Vaughan, 
766. 
Isotelus  maximus  Locke,  Ruedeiaann,  660. 
Kutorgina  granulata  n.  sp.,  Matthew,  529. 
liunpsilis  Raflncsque,  Letson,  493. 

ellipaiformis  (Conr. )  Simpson,  Letson,  493. 

rectus  (Lam.)  Smith,  Letson,  493. 
Latirusmarylandicus  n.sp.,  Clark  and  Martin, 

141. 
Lecanocrinus  Hall,  Grabau,  806. 

macropetalus  Hall,  Grabau,  306. 
Leda  cliftonensis  n.  sp.,  Clark  and  Martin, 
141. 

cultelliformis  (Rogers),  Clark  and  Mar- 
tin, 141. 

improcera  (Conrad),  Clark  and  Martin, 
141. 

parilis  (Conrad),  Clark  and  Martin,  141. 
var.,  Clark  and  Martin,  141. 

pan'a  (Rogers),  Clark  and  Martin,  141. 

potomacensis  n.  sp.,  Clark  and  Martin,  141. 

saccata  (Win.),  Weller,  801. 

tysoni  n.  sp.,  Clark  and  Martin,  141. 
Leiorhynchus  limitare  (Vanuxem),  Kindle, 
442. 

quadricostatum  (Vanuxem),  Kindle,  442. 
Leperditia  Rouault,  Grabau,  306. 

fabulites  Conrad  sp.,  Ruedemann,  660. 

resplendens  n.  sp.,  Ruedemann,  660. 

scalaris  Jones,  Grabau,  306. 
Lepidocoleus  jamesi  Hall  and  Whitfield  sp., 

Ruedemann,  660. 
Lepidodiscus  alleganius  n.  sp.,  Clarke,  146. 
Lepralia  labiosa  n.  sp.,  Ulrich,  751. 

subplana  n.  sp.,  Ulrich,  751. 
Leptsena  Dalman,  Grabau,  306. 

minnesotensis  n.  sp.,  Sardeson.  677. 

prsecosis  n.  sp.,  Sardeson,  677. 

recedens  n.  sp.,  Sardeson,  677. 

rhomboidalis  (Wahlenberg).  Grabau,  306. 

saxea  n.  sp.,  Sardeson,  677. 

rhomboidalis  Wilckens,  1769,  Beecher.  51. 

rhomboidalis  (Wilckens),  Kindle,  442. 

rhomboidalis  Wilckens,  Ruedemann,  660. 

rhomboidalis  (Wilck.),  Weller,  804. 
Leptobolus  atavus  n.  sp.,  Matthew.  530. 

(?)  collicia  n.  sp.,  Matthew,  530. 

waloottl  n.  sp.,  Ruedemann,  659 
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Paleontolonr— Continned. 
Genera  and  tpecies  d»eri5«l— Continued. 
Leptodesma  marcellenae  Hall,  Wood,  855. 

TOfrersi  Hall.  Kindle.  442. 
Leptopora  ramoea  n.  sp.,  Rowley,  658. 

procera  n.  sp.,  Rowley.  668. 

typa  Win.,  Weller,  804. 
Leptopds  levettei,  White,  Rowley,  Greene, 

320. 
Lenciscus  tumeri  n.  sp.,  Lucas,  504. 
LeTifusus  trabeatns  (?)  Coniad,  Clark  and 
Martin.  141. 

trabeatus  (?)  Tar.,  Clark  and  Martin,  141. 
Lichas  Dalman,  Grabau,  806. 

boltonl  (BigBby),  Grabau,  806. 

nereus  Hall,  Van  Ingen,  763. 

fip..  Kindle,  442. 
Lichenalia  Hall,  Grabau,  306. 

concentrica  Hall.  Grabau,  306. 
Limntea  Lamarck.  Letson,  493. 

catascopium  Say,  Letson,  493. 

columella  Say,  Letson,  493. 

desidiosa  Say,  Letson,  493. 
Umnenetes  n.  gen.,  Douglass,  234a. 

(?)  anceps  n.  sp.,  Douglass,  2Ma. 

platyceps  n.  sp.,  Douglass,  234a. 
Limoptera  cancellata  Hall,  Kindle,  442. 
Lingula  Bruguiere,  Grabau,  306. 

cuncata  Conrad,  Grabau,  306. 

spatulata  Vanuxem,  Kindle,  442. 
Lingulella  gregwa  n.  sp.,  Matthew,  530. 

tumida  n.  sp.,  Matthew,  530. 
Lioclema  Ulrich,  Grabau,  306. 

aspera  (Hall),  Grabau,  306. 

florida  (Hall),  Grabau.  306. 
Liopteria  Hall,  Grabau,  306. 

(?)  snbplana  (Hall),  Grabau,  306. 
Liospiraamericana  Billings  sp.,  Ruedemann, 
660. 

subtilistrlate  Hall  sp.,  Ruedemann,  660.      j 

Lithophaga  roar>'landica  n.  sp.,  Clark  and  | 

Martin.  141.  I 

minuta  n.  sp.,  Weller,  804  | 

Litiopa  marylandica  n.  sp.,  Clark  and  Mar- 
tin, 141.  ! 
Loirhynchus  limitare  (Vanuxem),  Wood,  855.  | 
Lophoblastus  n.  gen.,  Rowley,  658.  j 

conoideus  n.  sp.,  Rowley,  658.  | 

marginulus  n.  sp.,  Rowley,  658. 
Loxonema  hamiltoniee  Hall,  Kindle,  442. 

hydraulica  Hall,  Kindle,  442. 

Iseviusculum  Hall,  Kindle,  442. 

rectistrfatum  Hall,  Kindle,  442. 

(?)  teres  Hnll,  Kindle,  442. 

sp..  Kindle.  442. 

sp.  undet.,  Weller,  804. 
Locina  aquiana  Clark,  Clark  and  Martin,  141. 

astartiformis  Aldrich,  Clark  and  Martin, 
141. 

dartoni  Clark  and  Martin,  141. 

megameris,  Dall,  188. 
•        uhleri  Clark.  Clark  and  Martin,  141. 

whitei  Clark,  Clark  and  Martin,  141. 

sp.,  Clark  and  Martin,  141. 
Lunatia  marylandica    Conrad.    Clark  and 

Martin,  141. 
Lunulicardium  fragile  Hall.  Wood.&^S 


Paleontolonr— Con  tinned. 
Genera  and  »peeie»  detcrlbed— Continued. 
Lunulites  reversa  n.  sp.,  Ulrich,  751. 
Lyriocrinus  dactylus  Hall,  Grabau,  306. 
Lyriopecten  Hall,  Grabau.  306. 

orbiculoides  (nom.)  (nov.),  Grabau,  306. 
Ljrtoceras  (Gaudryceras)  denmanense,  Whit- 
eaves,  820. 
Hacrocheilina  carinatus  Nettleroth,  Kindle. 
442. 
hebe  Hall,  Kindle,  442. 
onondagsensis  n.  sp.,  Clarke,  145. 
sp..  Kindle,  442. 
Hancalla  califomiensis  n.  sp.,  Lucas,  504a. 
Hacrodon  parvus  W.  &  W.,  Weller,  804. 
Macronotella  fragaria  n.  sp.,  Ruedemann,  660. 

ulrichi  n.  sp.,  Ruedemann,  660. 
Mangilia  (Pleurotomella)  bellistrlata.  Clark 

and  Martin,  141. 
Marginulina  costata  (Batsch.).  Bagg.  85. 
MarUnia  subumbona  (Hall),  Kindle,  442. 

williamsi  n.  sp..  Kindle.  442. 
Meandrina  Lamarck,  Vaughan,  766. 

ma^andrites  (Linnseus),  Vaughan,  766. 
Megistocrinus    circulus    n.    sp.    (Rowley), 
Greene,  820. 
comiger  n.  sp.  (Rowley),  Greene,  320. 
expansus.    Miller   &    Gurley,    Rowley, 

Greene,  820. 
expansus  var.  inflatus,  n.  var.  (Rowley), 

Greene,  320. 
unicornis  n.  sp.  (Rowley),  Greene,  320. 
Melania  exigua  Conrad.  Steams,  727a. 
Melongena  (?)  potomacensis  n.  sp.,  Clark  and 

Martin,  141. 
Membranipora  angusta  n.  sp.,  Ulrich,  751. 
rimulata  n.  sp.,  Ulrich,  751. 
spiculosa  n.  sp.,  Ulrich,  751. 
Meretrix  lenis  (Conrad),  Clark  and  Martin, 
141. 
ovata  var.   ovata    (Rogers),   Clark   and 

Martin,  141. 
ovata  var.  pyga  Conrad,  Clark  and  Mar- 
tin. 141. 
subimpressa  Conrad,  Clark  and  Martin, 
141. 
Meristella  barrisi  Hall.  Kindle,  442. 

nasuta  (Conrad).  Kindle,  442. 
Meristina  maria  Hall  1863.  Beecher,  51. 

rectirostrls  Hall  1882,  Beecher,  51. 
Merycoc'hoerus  altiramus  n.  sp.,  Douglas,  234. 
compressidens  n.  sp.,  Douglas,  234. 
clrodi  n.  sp.,  Douglas,  234. 
madisonius  n.  sp..  Douglas,  234. 
?  obliquidens?.  Douglas.  234. 
Mesalia  obruta  (Conrad).  Clark  and  Martin, 

141. 
Metopoma  explanata  n.  sp.,  Sardeson,  677. 
Metula  marylandica  n.  sp..  Clark  and  Martin, 

141. 
Michelinia  convexa  D'Orbigny,  Beecher,  51. 
Microdon  leptogaster  (Win.),  Weller,  804. 
Mimulus  waldronesis  Miller  and  Dyer  1878, 

Beecher,  51. 
Mitra  mar>iandica  Clark,  Clark  and  Martin, 
141. 
pomonkensis  n.  Np.,  Clark  and  Martin.  141. 
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Paleontology— Con  tinned . 

Genera  ami  species  degcribnl — C\mtlnned. 
Mitra  potomacensi"  n.  sp.,  Clark  and  Martin, 

in.     . 

Modlolopcls  Hall,  Grabau.  306. 

aviculoides  Hall,  Ruedemann,  660. 

orthonata  (Conrad;,  Grabau,  306. 

primigenla  (Conrad),  Grabau,  30t'». 

cf.  subalatufl,  Grabau,  306. 

thecoidesn.  sp.,  Matthew,  529. 
Modiolus  alabamensis   Aldrich.  Clark   and 
Martin.  141. 

marylandlcus  n.  sp.,  (^lark  and  Martin, 
141. 
Modiomorpha  afflnis  Hall,  Kindle,  442. 

alta  Hall,  Kindle. 442. 

charlestownensis  Nettleroth,  Kindle,  442. 

conoentrica  Hall,  Kindle,  442. 

myteloides  Con.,  Kindle,  442. 

recta  Hall,  Kindle,  442. 
Monilopora  beceberi  Grabau, Greene, 320. 
Monotrjpa  magna  Ulr.,Sardeson,671. 
Morio    brevedentata    (Aldrich),  Clark   and 

Martin,  141. 
Morosaunis,  Oj'bom  and  Granger,  585. 

grandis,  Rlggs,  651 . 
Mucronella  aspera  n.  sp.,  Ulrich,  751. 
Murchlitonia  desiderata  Hall,  Kindle,  442. 
Myliobatis  Cuvier.  Case,  261. 

copeanuH  Clark,  Case,  261. 

magister  Leidy,  Case,  251. 
Mylostoma  Newberrj.',  Dean,  228. 
Na8««  beaumontensis  Aldr.,  Alderson,  10. 
Natica  cliftonensis  Clark,  Clark  and  Martin, 

141. 
Naticopsis  dubia  n.sp.  (Rowley), Greene, 320. 

levis  Meek,  Kindle,  442. 

sp..  Kindle.  442. 
Nautilus  maximus  (Conrad),  Kindle,  442. 
Nematophycus  Caruthers,  Grabau,  306. 

crassus  (Ponhallow),  Grabau,  306. 
Neovtilpavus  washakiu^  n.  gen.  et.sp..  Wort - 

man,  861. 
Nisio  umbilicata  (Lea), Clark  and  Martin,  141. 
Nodosp -a affinis  (d'Orbigny) , Bagg, 35. 

bacillum  Def ranee,  Bagg,  35. 

communis  (d'Orbigny),  Bagg, 35. 

consobrina  var.emaciata  (Reuss),Bagg. 
35. 

obliqua  (Linn<^),Bagg,a5. 

sandbergeri  (Reuss),  Bagg,36. 
Xonionima  affinfs  Reuss,  Bagg,  35. 
Nucleosplra  barrisi  (White), Rowley, 568. 

barrlsi  White,  Wei ler..«04. 

concinna  H'  1,  Kindle,  442. 
Nucula  corbulif<)rmis  Hall?,  Kindle,  442. 

hanoverenjiis  n.  sp., Kindle,  442. 

herzeri  Nettleroth,  Kindle.  442. 

lowensis  W.  and  W. ,  Weller,804. 

lamellata  Hall.  Kindle,  442. 

lirata  Conrad,  Kindle,  442. 

ncila  Hall,  Kindle,  442. 

ntotica  Hall,  Kindle, 442. 

ovtila  Lea,  Clark  and  Martin,  141. 

potomacen^ls   n.  sp.,  Clark  and  Martin, 
141. 
Obolella  Billing-s  isOl,  Walcott.771. 


Paleontology— Con  tl  nued . 
Gaiera  and  specif ^  ffescribed — Continued. 
Obolella  c.  f.  chromatica  Billings,  Matthew, 
529. 
lindstra?mi  n.  sp.,  Walcott,  771. 
mobergi  n.  sp.,  Walcott,  771 . 
(Glyptias)  favosa  Linnarsson, Walcott, 771. 
Obolus,  Walcott,  771. 

(?)  meneghinl  n.sp., Walcott, 771. 
tetonensls  n.  sp.,  Walcott,  771. 
zoppi  n. sp..  Walcott, 771. 
(Acritis?)  rugatus  n.sp.,  Walcott, 771. 
(Ungulella)  bellus  Walcott,  Walcott,  771. 
bicen.sis  n. sp.,  Walcott,  771. 
bomemanni  n.sp.,  Walcott, 771. 
Ilnnarssoni  n.sp.,  Walcott, 771. 
randomensis  n.  sp.,  Walcott,  771. 
schucherti  n.sp.,  Walcott, 771. 
siemiradzkii  n.sp.,  Walcott, 771. 
Winona  var.convexus,  Walcott,  771. 
(LingulepLs)  gregwa  Matthew,  Walcott, 
771. 
Odonta.spis  elegans  (Aga-ssli),  Case,  2.51. 
cuspidata  (Agas.siz).  Case,  251. 
macrota  (Agassiz),  Case,  251. 
Odontopleura  arkansana  n.  sp..  Van  Ingen, 

763. 
Odostomia   trapaquara  (Harris).  Clark  and 

Martin,  141. 
Olenellus  (Holmia)  walcottanus  n,  sp..  Wan- 
ner. 776. 
Onychochllus  (?)  nltldulus? Clarke.Wood,  855. 
Oodectes  iwrpestoldes  n.  gen.  et  sp..  Wort- 
man,  862.  863. 
Orblcella  Dana  1846,  Vaughan,  766. 
acropora  (Linnaeus),  Vaughan,  766. 
cavernosa  ^Linnaeus),  Vaughan,  766. 
tenuis  Duncan,  Vaughan,  766. 
Orblculoidea  doria  Hall.  Kindle,  442. 
lodlensis  (Vanuxeni)  ?,  Kindle,  442. 
parva  n.  sp.  (Rowley),  Greene.  320. 
Oreodon  robustum  n.  sp.,  Douglass,  234a. 
Orthis  Dalman.  Grabau.  306. 

corpulenta  n.  sp..  Sardeson,  677. 
flabelUtes  Foerste,  Grabau,  306. 
macrior  n.  sp..  Sardeson,  677. 
minnesotensis  n.  sp..  Sardeson,  677. 
petrse  n.  sp..  Sardeson,  677. 
(T)  punctostriata  Hall,  Grabau,  306. 
rogata  n.  sp.  or  var.,  Sardeson,  677. 
tersus  n.  sp.,  Sardeson,  677. 
tricenaria  Conrad,  Ruedemann.  660. 
Orthoceras  Breyn,  Grabau,  306. 

annulatum  .*<owerby,  Grabau,  306. 
caldwellensis  Miller  and  Gurley,  Kindle, 

442. 
Indlanense  Hall,  Weller,  804. 
marcel lense  Vanuxem,  Wood,  855. 
medullare  Hall,  Grabau,  306. 
multiseptum  Hall,  Grabau.  306. 
thonsHall.  Kindle.  442. 
sp..  Kindle,  442.  , 

Orthostrophia  Hall,  Grabau,  306. 
(?)  fasclata  Hall,  Grabau,  306. 
Orthotheca  bayonet  n  sp..  Matthew,  529. 
pugio  n.  sp  .  Matthew  .VJ9 
sica  n.  sp..  .Matthew,  .VJ9 
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Paleontoloer— Continued. 
Gewra  ami  species  <i€«crtfe«l— Continued. 
Orthotheca  stilletto,  Matthew,  5l>9. 
Orthothetes  Fischer  de  Waldheim,  Grabau, 
306. 
chemungensifl  arctistriatus  Hall,  Kindle, 

442. 
hydraulicus  (Whitfield),  Grabau,  806. 
inaequalis  (Hall).  Weller,  804. 
Inflatus?  (W.  and  W.),  Weller,  804. 
minutus  n.  sp.,  Cumings,  179. 
subplanus  Conrad  1842,  Beecher,  51: 
subplanus  (Conrad),  Grabau,  306. 
sp.  undet.,  Weller,  804. 
Ostrea  comprewirostra,  Say,  Clark  and  Mar- 
tin. 141. 
var.  alepidota  Dall,  Clark,  and  Martin. 

141. 
eellteformis  Conrad,  Clark  and  Martin, 
(Grj'phajofitrea)   vomer  (Morton),  Clark 
and  Martin,  141. 
Otodus  obliquus  Agassiz,  Case,  251. 
Pachytetia  gigantea  O.  and  W.,  Matthew,  538. 
Pachydlstya  foliata  Ulr.,  Sarde»on,  672. 
PalseolMlus  n.  subgen.,  Matthew,  530. 

bretonensis,  Matthew,  630. 
Pala&olagt»  temnodon  n.  sp.,  Douglass,  234a. 
Palseoneilo  barrisi  (W.  and  W.),  Weller,  804. 
mlcrodonta  (Win.),  Weller,  804. 
sp..  Kindle.  442. 
Palseosinopa  vcterrima  n.  gen.  et  sp.,  Mat- 
thew, 538. 
Paludestrina     longinqua    Gould    (Pilsbry), 
Steams,  T27a. 
protea  Gould  (PiUbry).  Stearns,  727a. 
Panenka  radians  (Hall).  Kindle,  442. 
Panopea  elongata  Conrad,  Clark  and  Martin, 

141. 
Paracyathus  marylandicus  n.  sp.,  Vaughan, 

765. 
Paracycla«  elliptica  Hall,  Kindle.  442. 
elongata  Nettleroth,  Kindle,  442. 
lirata  (Conrad),  Kindle,  442. 
octerlonii  Nettleroth,  Kindle,  442. 
ohioensis  (Meek),  Kindle,  442. 
Parazyga  hirsuta  Hall,  Kindle,  442. 
Parmophorella  (?)  paupera  Bill.,  Matthew, 

529. 
Patemla  amii  Schuchert,  Ruedemann,  659. 
Pecten  ehoctawensisAldrich,  Clark  and  Mar- 
tin, 141. 
dalU  Clark,  Clark  and  Martin,  141. 
Johnsoni  Clark,  Clark  and  Martin,  141. 
►p.,  Clark  and  Martin,  141. 
Pentagonia  unisulcata  (Conrad),  Kindle,  442. 
Pentamerella  arata  (Conrad),  Kindle,  442. 
pavilonensis  Hall,  Kindle.  442. 
thusnelda  Nettleroth,  Kindle,  442. 
Pentamerus  Sowerby,  Grabau,  306. 
oblongus  Sowerby,  Grabau,  306. 
Pentremitesaltusn.  sp.  ( Rowley ), Greene,  320. 
Pemopecten  cooperensis  (Shtimard),  Weller, 

804. 
Phacops  cristata  Hall,  Kindle,  442. 

cristata  var.  pipa  H.  and  C,  Kindle,  442. 
rana  (Green),  KmrtU'.  442. 
Phanerotlnus  paradoxus  Win.,  Weller,  W)4. 


Paleontoloffsr— Continued . 
Genera  and  fpccies  described— Continued. 
Phenacomya   petrosa  (Conrad),  Clark   and 

Martin,  141. 
Pholadomya  marylandica  Conrad,  Clark  and 

Martin,  141. 
Pholidops  Hall,  Grabau,  306. 

squamiformis  Hall,  Grabau,  306. 

sp..  Kindle,  442. 
Pbolidostrophia  iowensis  (Owen ).  Kindle,  442. 
Phyllodus  Agassiz,  Case,  251. 

hipparionyx  n.  sp..  Case,  251. 
Phylloporina  Ulrich,  Grabau,  306. 

asperato-striata  (Hall),  Grabau,  306. 

corticoi-a  Ulr.,  Sartlcsou,  672. 
Physa  Draparnaud,  Letat^n,  493. 

heterostropha  Say,  Letson,  493. 
Pinnas  (?)  eoprolitiformisn.sp.',  Beede,55. 
Pisidlum  Pfeiffer,  Letson,  493. 

abditum  Hald.,  Letson,  493. 

compressum  Prime,  Letson,  493. 

scutellatum  Sterki.  l.,etson,  493. 

ultramontanum  Prime,  Letson,  493. 

virginicum  (Graelin)  Bourg,,  Letson,  493. 
Pityoxylon  chnsense  n.  sp.,  Penhallow,  604. 
Planorbis  Guettard,  Letson,  493. 

bicarinatus  Say,  Letson,  493. 

parvus  Say,  Letson,  493. 
Platidia  marylandica  n.  sp.,  Clark  and  Mar- 
tin, 142. 
Platyceras  Conrad,  Grabau,  306. 

angulatum  (Hall),  Grabau,  306. 

ammon  Hall,  Kindle,  442. 

(?)  arctiostoma  Ulrich,  Kindle,  442. 

blatchleyl  n.  sp..  Kindle,  442 

bucculentum  Hall,  Kindle,  442. 

carinatum  Hall,  Kindle,  442. 

circularis  n.  sp.  (Rowley).  Greene,  320. 

compressum  Nettleroth,  Kindle,  442. 

compressum  var..  Kindle,  442. 

conifum  Hall,  Kindle,  442. 

era- sum  Hall  ?,  Kindle,  442. 

cymbula  n.  sp.,  Matthew,  529. 

dumosum  Conrad,  Kindle,  442. 
•  dumoi<um  var.  pileum  n.  var..  Kindle,  44Z 

dumosum  var.  r.  rispinum  Hall,  Kindle, 
442. 

echinatum  Hall.  Kindle,  442. 

fomicatum.  Kindle,  442. 

linerare  n.  sp.,  Kindle,  442. 

milleri  Nettleroth,  Kindle,  442. 

multispinosum  Meek,  Kindle,  442. 

niagarense  (Hall),  Grabau,  306. 

radiatum  n.  sp.,  Matthew,  529. 

rictum  Hall,  Kindle,  442. 

rictum  var.  spinosa  n.  var.,  Kindle,  442. 

subclrculare  n.  sp.,  Kindle,  442. 

symmetricum  Hall,  Kindle,  412. 

thetis  Hall.  Kindle,  442. 

transversum  n.  ^p.,  Matthew,  529. 

ventricosum  Conrad,  Kindle,  112. 

sp..  Kindle,  442. 

(Orthonychia)   fluctuosum    Ulrich,  Kln- 
I  die,  442. 

I  Platygym  Ehrenberg  1834,  Vaughan,  7(>6. 

I  clivo<*a  (Ellis  and  Solander»,  Vaughan, 

766. 
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Paleontoloiry— Continued. 
Oaiera  and  species  (^•crfl)«d— Continued. 
Platygyra  viridls  (Le  8eur),  Vaughan,  766. 
Platyostoma  pleurotoma  Hall.  Kindle,  442. 

UneaU  Conrad,  Kindle.  442. 

lineatnm  var.  callosum  Hall,  Kindle,  442. 

niagarense  Hall,  Rowley,  Greene,  320. 

turbinaU  Hall,  Kindle,  442. 

turbinate  var.  cochleata.  Kindle,  442. 

gp..  Kindle.  442. 
Platystrophia  biforata  Schlotheim  sp.,  Rue- 

demann,  660. 
-Plectambonites  Pander,  Qrabau,  806. 

pimim  n.  sp.,  Ruedemann,  660. 

sericea  (Sowerby),  Grabau,  306. 

•sericeus  Sowerby  var.  asper  James,  Rue- 
demann, 660. 

transveraalis  (Wahlenberg),  Grabau,  806. 
Plethoepira  socialls  Qirty  ?,  Kindle,  442. 
Pleuroceras  Raflnesque,  Letson,  498. 

subulare  Lea,  Letson,  498. 
Plcurodictyum  lenticulare,  Beecher,  51. 
Pleuronotus  decewi  (Billings) ,  Kindle,  442. 
Pleurotoma  ducateli  n.  sp.,  Clark  and  Martin, 
141. 

harrisi  Clark,  Clark  and  Martin,  141. 

piscatavensis  n.  sp.,  Clark  and  Martin,  141. 

potomacensis  n.  sp.,  Clark  and  Martin,  141. 

tysoui  n.  sp.,  Clark  and  Martin,  141. 

(Hemi pleurotoma)  childrenl  Lea,  Clark 
and  Martin,  141. 
Pleurotomaria  De  France,  Grabau,  806. 

clivosa  n.  sp.,  Sardeson.  677. 

littorea  Hall,  Grabau.  806. 

lucina  Hall,  Kindle,  442. 

lucina  var.  perfasciata  Hall,  Kindle,  442. 

pervetusta  (Conrad),  Grabau,  806. 

procterl  Nettleroth,  Kindle,  442. 

-Tquinquesulcata  Win.,  Weller,  804. 

sulcomarginata  Conrad,  Kindle,  442. 

sp.,  Kindle,  442. 

?sp.  undet.,  Weller,  804. 
Fliohippus  simplicidens  Cope,  Gidley,  292. 
Pollicipes  siluricus  n.  sp.,  Ruedemann,  669. 
Polygyra  dalli  Steams,  727. 
Polymorphina austriaca  (d'Orbigny ) ,  Bagg,36. 

communiH  (d'Orbigny),  Bagg,  36. 

compressa  d'Orbigny,  Bagg,  35. 

elegantissima  Parker  and  Jones,  Bagg,  35. 

gibba  (d'Orbigny),  Bagg,  36. 

laotea  (Walker and  Jacob),  Bagg,  35. 

praelonga  Terqucm,  Bagg,  35. 
Polyphcmopsis  louisvillae  Hall  and  Whltf., 

Kindle,  442. 
Polypora  McCoy,  Grabau,  306. 

incepta  Hall,  Grabau,  306. 
Pomatiopsis  Tr>'on,  Letson,  493. 

lapidaria  (Say)  Tryon,  Letson,  498. 
PontobdellopsLs  cometa  n.  gen.  et  sp.,  Ruede- 
mann, 659. 
Porites  astreoides  Lamarck.  Vaughan,  766. 

porites  (PaIIaj<),  Vaughan.  766. 
Portochelys  laticeps  n.  gen.  et  »p.,  Williston, 

837. 
Prasopora  simulntrix  Ulr.,  Sardeson,  671. 

simulatrix  var.  orientalis  Ulrich,  Ruete- 
mann.  660. 


Paleontoloey— Continued. 
Qtnera  and  species  described — Continued. 
Primitia  mundula  var.  jonesi  n.  var.,  Ruede- 
mann, 660. 
Prodophoenus  Wortman  and  Matthew,  Wort- 
man,  861. 
Prodromites  n.  gen..  Smith  and  Weller,  711. 
gorbyi  Miller,  Smith  and  Weller,  711. 
praematurus  n.  ep.,  Smith  and  Weller, 
711. 
Pioductella  concentrlca  (Hall),  Weller,  804. 
*  minncapolis  n.  sp.,  Sardeson,  677. 
semiglobosa  Nettleroth,  Kindle,  442. 
epinulicosta  Hall,  Kindle,  442. 
Productus  arcuatus  Hall,  Weller,  804, 
morrillisnus  Win.,  Weller,  804. 
parvicostatufl  n.  sp.  (Rowley),  Greene,  820. 
parvulus  Win.,  Weller,  804. 
punctatus  Martin,  Weller,  804. 
Proetus  canaliculatus  Hall,  Kindle,  442. 
clams  Hall,  Kindle,  442. 
cormgatus  n.  sp.,  van  Ingen,  768. 
crassimarginatus  Hall,  Kindle,  442. 
curvimarginatus  Hall  and  Clarke,  Kindle, 

442. 
folliceps  Hall  and  Clarke,  Kindle,  442. 
latimarginatus  Hall  and  Clarke,  Kindle, 

442. 
macrocephalnsHall,  Kindle,  442. 
microgemma  Hall  and  Clarke ,  Kindle,  442. 
subannulatus  n.  sp.,  Van  Ingen,  763. 
Promacrus  cuneatus  Hall,  Weller,  804. 
Protapims  robustus  n.  sp.,  Sinclair,  703. 
Protocardia  lenis  Conrad,  Clark  and  Martin, 

141. 
Protohippus  cumminsii  (Cope),  Gidley,  292. 

phlegon  (Hay),  Gidley,  292. 
Protowarthia    canceilata  Hall  sp.,   Ruede- 
mann, 660. 
Protozyga  exigua  Hall,  Ruedemann,  660. 
Pteria  limula  (Conrad),  Clark  and  Martin, 

141. 
Pterinea  Goldfuss,  Grabau,  306. 

emacerata  (Conrad),  Grabau,  806. 
flabella  (Con.)  Hall.  Kindle,  442. 
grandis  Hall,  Kindle.  442. 
Pterinopecten   nodoeostatus   (W.    and   W.), 
Weller,  804. 
nodosus  Hall,  Kindle,  442. 
reflexus  Hall,  Kindle,  442. 
undo8U8  Hall,  Kindle,  442. 
Pterygometopus  eboraceus  Schmidt,  Ruede- 
mann, 660. 
Pterygotus  Agassiz,  Grabau,  306. 
cobbi  Hall,  Grabau,  306. 
globieaudatus  Pohlman,  Grabau,  806. 
macropthalmus  Hall,  Grabau,  306. 
Ptilodictya  (Escharopora)  subrecta  Ulr.,  Sar- 
deson, 672, 
Ptychodesma  knappianum  H.  and  W.,  Kin- 
dle, 442. 
Pscudoliva  Mp.,  Clark  and  Martin,  141. 
Pugnax  striatocostata  (M.  and  W.),  Weller 

801. 
Pulvinulina  exigua   var.   obtusa    Burrowa, 
Bagg.  3.S. 
schreibersli  (d'Orbigny),  Bagg,  35. 
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Ptttoontoloffy— Continaed . 
Genera  and  wpecies  dwcriftrti— Con  tinned. 
Pyramidnla  pewpectlva  Bimillima,  Stanton, 

727. 
Pymla  penita  var.  Conrad,  Clark  and  Martin, 
141. 
(?)  gp.,  Clark  and  Martin,  141. 
Qoadrula  Rafinesque,  Letson,  493. 

coccinea  (Conrad)  Simpeon,  Letson,  496. 
90lida  (Lea)  Simpeon,  Letson,  493. 
Raflnisquina  altemata  (Emmons)  Hall  and 
Clarke,  Ruedemann,  660. 
deltoidea  Conrad  var.,  Ruedemann,  660. 
Randomia  n.  gen.,  Matthew,  529. 

anroree  n.  sp.,  Matthew,  529. 
Remopleurides  tumidus  n.  sp.,  Ruedemann, 
660. 
(Caphyra)  lingnattis  n.  sp.,  Ruedemann, 
660. 
Reptoflnstrella  heteropora  Gabb  and  Horn, 

Ulrich,  751. 
Reticnlaria  bicostata  Vanuxem  1842,  var.  pe- 
tila  Hall.  1879,  Beecher,  51. 
cooperensis  (Swallow),  Weller,  804. 
flmbriata  (Conrad),  Kindle,  442. 
Knappianum  Xettleroth,  Kindle,  442. 
wabashensis  n.  sp..  Kindle,  442. 
Reticulipora  dichotoma  Gabb  and  Horn,  Ul- 
rich, 751. 
Rhinidictya  mutabillis  Ulr.,  Sardeson,  672. 
Rhinopora  Hall,  Grabau,  306. 

tuberculosa  Hall,  Grabau,  306. 
Rhiphidomella  Oehlert,  Grabau,  306. 
burlingtonensis  (Hall),  Weller,  804. 
circulus  Hall,  Grabau,  306. 
goodwinl  Nettleroth,  Kindle,  442. 
hybrida  Sowerby,  1839,  Beecher,  51. 
hybrida  (Sowerby),  Grabau,  306. 
leucoeia  Hall,  Kindle,  442. 
livia  (Billings?),  Kindle,  442. 
vanuxemi  Hall,  Kindle,  4-12. 
Rhombopora  lepidendroides  Meek.  Sardeson, 

672. 
Rhynchonella  Fischer  de  Waldeheim,  Gra- 
bau, 306. 
(?)  bidens  Hall,  Grabau,  306. 
(?)  bidentata  (Hisinger).  Grabau,  806. 
robosta  Hall,  Grabau,  306. 
Rhychonella  minnesotensis  n.  sp.,  Sardeson, 
677. 
sancta  n.  sp..  Sardeson,  677. 
depressa  n.  sp.,  Kindle,  442. 
gainesi  Nettleroth,  Kindle,  442. 

var.  cassensis  n.  var..  Kindle,  442. 
louisvillensis  Nettleroth,  Kindle,  442. 
tenuistriata  Nettleroth,  Kindle,  442. 
Rynchopora  postulosa  (White),  Weller,  804. 
Rhynchotreta  Hall,  Grabau,  306. 

cuneata   Dalman  1827,    var.  americana 
Hall  1879,  Beecher,  51. 
var.  americana  Hall,  Grabau,  306. 
Ringicula  dalli   Clark,  Clark   and   Martin, 

141. 
Roemerella  grandLs  (Vanuxem),  Kindle.  442. 
Romlngeria  cystoldes  n.  sp.  (Grabau). Greene, 

820. 
8abal  rlgada,  Hatcher,  344 


Paleontoloey — Continued. 
Genera  and  tpeeiea  d<«rrt6«d— Continued. 
Sanguinolites?  sanduskyenis  Meek,  Kindle, 

442. 
Scala  carinata  Lea,  Clark  and  Martin,  141. 

potomacensis  n.  sp.,  Clark  and  Martin, 
141. 

sessilis  Conrad,  Hark  and  Martin,  141. 

virginlana  Clark,  Clark  and  Martin,  141. 
Scaphiocrinus?  longitentaculatusn.  sp.  (Row- 
ley), Greene,  820. 
Scenella  c.  f.  reticulata  Billings,  Matthew,529. 

c.  f.  retusa  Ford,  Matthew,  529. 
Scenidium  Hall,  Grabau,  306. 

pyramidale  Hall,  Grabau,  306. 
Schizobolus  concentricus  (Vanuxem),  Kin- 
dle, 442. 
Schizodus  contractus  Hall,  Kindle,  442. 

trigonalls  (Win.).  Weller,  tm. 
Schizophoria  striatula  (Schlothelm),  Kindle, 
442. 

subelllptica  (W.  and  W.),  Weller,  mi. 
Schlzotreta  papilliformis  u.  sp.,  Ruedemann, 

659. 
Schmidtella  (?)  acuta  n.  sp.,  Matthew,  530. 

pervetusn.  sp..  Matthew,  530. 

crassimarginata  var.  ventrllabiata  n.  var., 
Ruedemann,  660. 
Sciurus  Jefferson  I  n.  sp.,  Douglass,  234a. 
Selenosteus  keplerl  n.  gen.  et  sp..  Dean,  227. 
Semicoscinlum  Prout,  Grabau,  306. 

tenulceps  (Hall),  Grabau,  306. 
Septopora  blserlalis  (Swal.),  Sardeson,  672. 
SIderastrea  radians  (Pallas),  Vaughan,  766. 

siderea  (Ellis  and  Solander),  Vaughan, 
766. 
SInopa  Leidy,  Matthew,  538. 

agillls  (Marsh),  Matthew,  538. 

hians  (Cope),  Matthew,  538. 

opisthotoma  n.  sp.,  Matthew,  538. 

rapax  Leidy,  Matthew,  538. 

strenua  (Cope),  Matthew,  538. 

vera  (Marsh),  Matthew,  538. 

viverrina  (Cope),  Matthew,  538. 

whitlffi  (Cope),  Matthew,  538. 
Slphonetreta  minnesotensis  Hall  and  Clarke, 

Ruedemann,  060. 
Skenidlum  anthonensis  n.  sp.,  Sardeson,  677. 
Solarium  sp.,  Clark  and  Martin,  141. 
Solemya  (Janeia)  vetusta  Meek,  Kindle,  442. 
Solen    llsbonensls    (?)    Aldrich,    Clark   and 

Martin,  141. 
Spathella  phaselia  (Win.),  Weller,  804. 
Spathocharls  emersoni  Clark,  Kindle,  442. 
SphceriumSeopolI,  Letson,  493. 

stamlneum  (Conr.)  Prime,  Letson,  493. 

Btriatlnum  (Lam.)  Prime,  Letson,  493. 
Sphaerocoryphe   major  n.  sp.,  Ruedemann, 

660. 
Sphenotus  cyllndricus  (Win.),  Weller,  804. 
Sphyma  prlsca  Agas.slz,  Case,  251. 
Splrlfer  Sowerby.  Grabau,  306. 

acuminatus  (Conrad),  Kindle,  442. 

audaculus  (Conrad),  Kindle,  442. 

arctlsegmentum  Hall,  Kindle,  442. 

byrnesi  Nettleroth.  Kindle,  442. 

centronatus  Win.,  Weller,  804. 
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Paleontoloey— Continued. 
Genera  antl  ^rUtdrscribed — C«mtinned. 
Spi lifer  crlspus  Hisinger  1826,  Beei'her,  51. 
var.  simplex  Hall  1879,  Beecher,  51. 

cri<»pus  (Hisinger),  Grabau,  806. 

var.  corallinenslM  Grabau,  Grabau,  306. 

davlsi  Nettleroth,  Kindle,  442. 

divarieatus  Hall,  Kindle,  442. 

duodenarius  (Hall»,  Kindle,  442. 

eriensis  Grabau.  Grabau,  306. 

foniacula  Hall,  Kindle.  442. 

granulosus  (Con.),  Kindle,  442. 

gregariUR  Clapp,  Kindle.  442. 

var.  greeni  n.  var..  Kindle,  442. 

grieri  Hall,  Kindle,  442. 

iowensis  Owen,  Kindle,  442. 

lateralis,  var.  delicatus,  n.  var.  (Rowley), 
Greene,  320. 

macconathei  Nettleroth,  Kindle,  442. 

mncrus  Hall,  Kindle,  442. 

manni  Hall,  Kindle,  442. 

marionensiH  Shumard,  Weller,  804. 

niagarensis  Conrad,  Grabau,  306. 

peculiaris  Shum.  ?  Weller,  804. 

pennatus  (At water), Kindle.  442. 

radiatiL<4  Sowerby  1825,  Beecher,  51. 

radiatus  Sowerby,  Grabau.  306. 

segmentum  Hall,  Kindle,  442. 

varicoBUs  Hall.  Kindle,  452. 

varicosa  var.  hobbei  (Nettleroth),  Kindle, 
442. 

(Delthyris)  sulcatus  Hall,  Grabau,  306. 
Spiriferina    horizontalis    n.   sp.    (Rowley), 
Greene,  820. 

solidroHtris  (White),  Weller,  804. 
Spirorbis?  dubius  n.  sp.i  Rowley,  658. 
Spyroceras  anellus  Conrad  sp.,  Ruedemann, 

660. 
Splropleeta  elarki  Bagg,  Bagg,  35. 
Stegoaaurus  marshi  n.  sp.,  Luca.*^,  502. 
Btellipora  Antheloidea  Hall,  Sardeson,  671. 
Steneofiber  complexus  n.  sp.,  Douglass,  234a. 

he^-perus  n.  sp..  Douglass.  2^a. 
Stenosteus  glaber  n.  gen.  et.  sp.,  Dean.  227. 
StephanocrinuM  Conrad,  Grabau,  306. 

angulatu.«4  Conrad,  Grabau,  306. 
Stictoporella  cribosa  Ulr.,  Sardeson,  672. 
Stomatopora  inflata.  Hall.  Ruedemann,  660. 
Strabops  thatcheri  n.  gen.  et  sp..  Beecher,  53. 
Straporollus cyelostomus  (Hall),  Kindle,  442. 

obtusus  (Hall),  Weller,  804. 

sp..  Kindle,  442. 

sp.  undet.,  Weller,  804. 
Strepsidura  subMCalarina  Heilprin,  Clark  and 

Martin,  141. 
Slreptelasma  eorniculum  Hall,  Ruedemann, 

mi. 

Streptorhynchus  subsulcatum  n.  sp..  Sartle- 

v(»u,  677. 
Striatopora  Hall,  Grabau,  306. 

flexuosa  Hall,  Grabau,  306. 
8tromalopom  Goldfuss,  Grabau,  306. 

concentrica  Goldfuss  Hall.  Grabau,  306. 
stropheodonta  Hall,  Grabau,  306. 

concava  Hall.  Kindle,  4-12. 

corrugala  Conrad,  (irabau.  306. 

demisya  (Conrad),  Kindle,  412. 


Paleontoloey— Continued . 
Oevera  and  «i}fcUs  described— Coutinue^. 
Stropheodonta  hemispherica  Hall,   Kindle, 
142. 

inequistriata  (Conrad),  Kindle.  422. 

perplana  (Conrad),  Kindle.  442. 

plicata  Hall,  Kindle,  442. 

profunda  Hall,  Grabau,  306. 

sp.,  Kindle,  442. 
Stropholasia  truncrtz  (Hall),  Wood,  85.>. 
Strophomena  halli  n.  sp.,  Sardestm.  677. 

inquasj^a  n.  sp,,  Sardeson.  677. 
Strophonella  Hall,  Grabau,  306. 

(?)  patenta  Hall,  Grabau,  306. 

striata  Hall  1843,  Beecher,  51. 

striata  Hall.  Grabau,  30G. 
Strophostylus  amplus  n.  8p.(  Rowley ),  Greene, 
320. 

bivolve  (W.  &  W.),  Weller,  801. 

variana  Hall.  Kindle.  442. 
Styliola  fissurella  Hall,  Kindle,  442. 
Synechodus  elarkii  n.  sp..  Case,  251. 
Syringotheris  halli  Win.,  Weller,  801. 
Teeniopteris  c<»riaeea  Golp.,  Sellards,  688. 

coriacea  var.  linearis  n.  var.,  Sellards. 
688. 

newberryana  F.and  I.  C.  W.,  Sellards.  6h8. 
Technophoruscaneellatus  n.  sp.,  Ruedemann, 

659. 
Tellina  (Angelus)   \irginiana  Clark,    Clark 
and  Martin,  141. 

(Peronidia)  papyria  (?)    Conrad,   Clark 
and  Martin,  141. 

(Peronidia?)  williamsi  Clark,  Clark  and 
Martin,  141. 
Tellinomya  candens  n.  sp.,  Sardeson,  677. 

(or  Nucula)  leplda  n.  sp.,  Sardeson,  677. 
Temnochilus?  sp.,  Greene,  320. 

coxanum  M.  &  W.  sp.  Rowley.  Greene, 
320. 
Tentaculites  dexithea  Hall.  Kindle,  442. 

scalar! formis  Hall,  Kindle,  442. 
Terebratula  harlani  Morton,  Clark  and  Mar- 
tin, 142. 

jucunda  Hall,  Kindle,  442. 

obsoleta  Dall,  Beecher,  51. 
Teredo  >nrginiana  Clark,  Clark  and  Martin, 

141. 
Xextularia  gramen  d'Orbigny,  Bagg,  35. 

sagittula  Defrance,  Bagg,  35. 

subangulata  d'Orbigny,  Bagg,  35. 
Thecachampsa  sp.,  Case,  1*20. 

contusor  Cope,  Case,  120. 

marylandica  (Mark,  Caae.  120. 

sericodon(?)  Cope,  Case,  120. 
Thoracocenis  wilsoni  n.  sp.,  Clarke,  145. 
Thysanocrinus  Hall,  Grabau.  306. 

lililformis  Hall,  Grabau,  306. 
Tornatellaen  bella  Conrad.  Clark  and  Martin, 

141. 
Tornocera.8  Hyatt.  Beecher.  51. 
Toxochelys  latiremis  Cope.  WilliMon.  8:i7. 
Trematopora  Hall,  Grabau,  30(). 

(?)  striata  Hall,  Grabau.  ;^06. 

tuberculosa  Hall.  Grabau.  306 
Trcmatospira  Hall.  Grabau,  'M't. 

cnmura  Hall,  (irabau,  di^a. 
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P«leoiitoloff7— Continued. 
Genera  and  8pecie4  df*er£6«i— Continued. 
Tretaspis  diadematu  n.  sp.,  Ruedemann,  660. 

reticulatus  n.  sp.,  Ruedemann,  G60. 
Triacodon  fallax  Marsh,  Wortman,  863. 
Triarthrus  becki,  Beecher,  61. 
Trigeria?  curriei  n.  sp.,  Rowley,  658. 
Trigonias  osborni  n.  sp.,  Lucas,  501. 
Trigonoarca  decisa  (Conrad)  var.,  Clark  and 

Martin,  141. 
Triisodon  heilprianus  Cope,  Matthew,  688. 
Trionyx  Virginia  Clark.  Ca«e,  120. 
Trinucleus,  Beecher,  51. 
Tritonlum  showalteri  (Conrad),  Clark  and 

Martin,  141. 
Trochoceraa  Hall,  Grabau,  306. 
gebhardi  Hall,  Grabau,  306. 
Trochocyathus  clarkeanus  Vaughan,  Vaugh- 

an,  765. 
Trochonema  emacerata    Hall   and   Whltf., 
Kindle,  442. 
rectilatera  Hall  and  Whitfield,  Kindle,442. 
umbilicatum  Hall  sp.,  Ruedemann,  660. 
Trophon  sublevis  Harhs,  Clark  and  Martin, 

141. 
Tropidoleptuscarinatus  (Conrad),  KIndle,4i2. 
Truncatulina  lobatula  (Walker  and  Jacob), 
Bagg.a*). 
ungeriana  (d'Orbigny),  Bagg,  35. 
Tryblldium  exsertum  n.  sp.,  Sardeson,  677. 

validum  n.  sp.,  Sardeson,  677. 
Tuba  marylandica  n.  sp.,  Clark  and  Martin, 

141. 
Tudicla  marylandica  n.  sp.,  Clark  and  Mar- 
tin, 141. 
sp.,  Clark  and  Martin,  141. 
Turbinolia  acuticostata  Vaughan,  Vaughan, 

765. 
Turbo  shumardi  De  Vemeuil,  Kindle,  442. 
Turbonilla  potomacensls  n.  sp.,  Clark  and 

Martin,  141. 
Turrilepas  (?)  fllosa  n.  sp.,  Ruedemann,  659. 
Turritella  humerosa  Conrad,  Clark  and  Mar- 
tin. 141. 
mortoni  Conrad,  Clark  and  Martin,  141. 
potomacensis  n.  sp.,  Clark  and  Martin,  141. 
Uintacyon  Leidy,  Wortman,  861. 

edax  Leldy,  Wortman,  861. 
Unio  Retzius.  Letson,  498. 

gibbosus  Barnes,  Letson,  493. 
nanaimoensis  n.  sp.,  Whiteaves,  819. 
Urotheca  n.  gen.,  Matthew,  629. 

pervetus  n.  sp.,  Matthew,  529. 
Vaginulina  legumen  (Linne),  Bagg,  35. 
Valvata  Muller.  Letson,  493. 
ancera  Say,  Letson,  493. 
tricarinata  Say.  Letson,  493. 
Venericardia  marylandica  n.  sp.,  Clark  and 
Martin.  141. 
planicostata  var.  regla  Conrad,  Clark  and 

Martin,  141. 
potapacoensisn.  sp.  .Clark  and  Martin,  141. 
Vermetussp.,  Clark  and  Martin.  141. 
Vicarya  callosa  var.,  Becker,  50. 
semper!  n.  var.,  Becker,  50. 
Vltulina  pustulosa  Hall.  Kindle,  442. 
Vlverravus  Marsh,  Matthew,  53S. 


Faleontoloffy— Continued . 
Gaiera  and  »p€cif«  described— Continued 
Viverravus  Marsh,  Wortman,  862. 
gracilis  Marsh,  Wortman,  862. 
minutUH  n.  sp.,  Wortman,  862. 
Volutilithes  petrosus   (Conrad),  Clark   and 
Martin,  141. 
sp.,  Clark  and  Martin,  141. 
Vulpaviis  Marsh,  Wortman,  891. 
hargeri  n.  sp.,  Wortman,  861. 
palustris  Marsh,  Wortman,  861. 
Westonia  n.  subgen.,  Walcott,  771. 
Whitfieldella  Hall  and  Clarke,  Grabau,  306. 
cylindrica  Hall,  Grabau,  306. 
intermedia  Hall,  Graba^i,  306. 
leevis  (Whitfield),  Grabau,  306. 
nitida  Hall,  Grabau.  306. 

var.  oblata  Hall.  Grabau,  306. 
oblata  Hall,  Grabau,  306. 
sulcata  (Vanuxero),  Grabau,  306. 
j  Whitfieldella  nitida  Hall  1843.  Beecher,  51. 

Whittleseya  Newbury  18.53,  White,  813. 
I  brevifolia  n.  sp..  White,  813. 

dawsoniana  n.  sp..  White*  813. 
I  desiderata  n.  sp..  White,  813. 

I         Worthenia  mississippiensis  (W.  <k  W.),  Wel- 
j  ler,  804. 

;  Xiphias(?radiata  Clark),  Case,  251. 
j  Zaphrentis  Raflnesque,  Grabau,  306. 
I  albus  n.  sp.,  Greene,  319. 

I  curtus  n.  sp.,  Greene,  319. 

inflexus  n.  sp.,  Greene.  319. 
1  insolens  n.  sp..  Greene,  319. 

lamasteri  n.  sp.,  Greene,  319. 
I  obscurus  n.  sp.,  Greene,  320. 

pusillus  n.  sp.,  Greene,  319. 
t  turbinati  (Hall),  Grabau.  306. 

'  Ziphacodon  rugatus  Marsh,  Wortman,  863. 

Zygospira,  Beecher.  51. 

aquila  n.  sp.,  Sardeson,  677. 
'  recurvirostris  Hall,  Ruedemann,  660. 

Panama. 

Geology  of  the  Isthmus  of  Panama,  Hershey, 
365. 
I  Pennsylvania. 

,         Age  of  the  coals  at  Tipton,  White,  810. 
Alleged  Parker  channel,  Williams,  825. 
Anthracite  coal  near  Perkiomen  Creek,  Car- 
I  ter,  108. 

I         Burted  valley  of  Wyoming,  Griffith,  328. 
I         Caves  of   Huntingdon  County,  Morganroth, 
I  557. 

I  Graphite  and  garnet,  Hopkins,  389. 
I         Limestones  in  the  vicinity  of  Philadelphia. 

Carter,  115. 
I         New  species  of  Olenellus,  Wanner,  776. 
I         Occurrence  of  serpentine  and  talc,  Peck,  590. 
I         Oil  and  gas  in  the  vicinity  of  Philadelphia, 

Carter,  109. 
I         On  spangolite,  Penfield,  596. 
I         Troost's  survey  of  Philadelphia,  Hamilton,336. 
'         Water  supply  for  Philadelphia,  Carter,  106. 
'  Petroloffy. 

Odi/oruia. 
I         Berkeley  Hills.  Lawson  and  Palache.  484a. 
I  California  feldnfwir-corundum  rocks  from  Plu- 

I  mas  County,  Lawson,  482. 
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Petrology— Continued . 
Canada. 
Amygdaloidal  trap  rock,  Dresser,  240. 
Areas  of  nephellne-syenite,  Miller,  550. 
Geology  of  Rigaud  Mountain.  Le  Roy,  492. 
Hon^blende  lamproph>Te  dike  at  Richmond, 

Dreaeer.  239. 
Iron  ranges  of  the  Lower  Huronian,  Coleman, 

155. 
Petrography  of  Mount  Orford,  Dresser,  241. 
Petrography  of  Shefford  Mountain,  Dresser, 

242. 
Report  of  section  of  chemistry  and  miner- 
alo^,  Hoffmann,  880. 
Oolorculo. 
La  PlaU  folio,  Cross,  176. 
Occurrence  of  limburgite,  Stevens,  728. 
Spanish  peaks  folio,  Hills,  374. 
OonneeHetU. 
Newark   system  of  the  Pomperaug  Valley, 
Hobbs,  876. 
District  of  Columbia. 

Washington -folio.  Darton  and  Keith,  200 
Georgia. 
QraniUc  rocks  of  Georgia,  Watson,  7S7. 
Origin   of  the  phenocrysts  in    porphyritic 

granites,  Watson,  789. 
Trap  dikes  of  Georgia,  McCallie,  613. 
Weathering  of  granitic  rocks,  Watson,  791. 
Idaho. 
Geology  and  water  resources  of  Nez  Perces 
County,  Part  II,  Russell,  662. 
Jowa. 

Iowa  dolomite,  Knight,  445. 
Mahie. 
Andesites  of  the  Aroostook  volcanic  area, 

Gregory,  322. 
Geological  study  of  the  Fox  Islands,  Smith, 
707. 
Maryland. 
Basic  rocks  of  northeastern  Maryland,  Leon- 
ard, 491. 
Masaachtuetts. 
Amygdaloidal   melaphyres   of   the    Boston 

badn,  Crosby,  173. 
Medford  dike  area,  Wilson,  838. 
Structural  relations  of  amygdaloidal  mela- 
phyre,  Burr,  97. 
Mexico. 
Ein  Profil  durch  den  Ostabfall   der  Sierra 

Mad  re  Oriental.  Bdse,  72. 
Las  rhyolitas.  Ordofiez,  573. 
Minnesota. 
Keeweenawan   area  of  eastern   Minnesota, 

Hall.  33*2. 
Keewatin  area  of  eastern  and  central  Minne- 
sota, Hall.  833. 
Montana. 
Mlssourite.  a  new  leucite  rock,  Weed  and 

Pirsson,  799. 
Petrograpny  of  Square  Butte,  Pirsson,  616. 
Petrography  of  Yogo  peak,  Pirsson,  517. 
Shonkin  Sag  and  Palisade  Butte  laccoliths  in 
the  Highwood  Mountains.  Weed  and  Pirs- 
son, 798. 
Aetr  Hampshire. 
Albany  granite  and  its  contact  phenomena, 
Hawes,  349. 


Petrdoiry— Continued. 
New  Hampshire— Continued. 
Composition  of  labradorite  rocks,  Dana,  192. 
Eruptive  rocks  in  Campton.  Hawes.  348. 
Rocks  of  Lake  Winnepesaukee,  Washington, 

785. 
yeiD  Jersey. 
Serpentines  of  Manhattan  Island,  Newland, 

565. 
New  York. 
Adirondack  augite-andesite,  Cushing,  184. 
Geology  of  Rand  Hill,  Cushing,  185. 
Serpentines  of  Manhattan  Island,  Newland, 

565. 
Oregon. 

Coos  Bay  folio,  Diller,  231. 
Petinsylvania. 

Occurrence  of  serpentine  and  talc,  Peck,  600. 
Vermont. 

Granite  of  Barre,  Finley,  272. 
Washington. 
Clealum  iron  ores.  Smith  and  Willis,  709. 
Geology  and   water    resources  of  Yakima 

County,  Smith,  708. 
Wyoming. 
Spherulites  of  the  Yellowstone  and  Great 

Britain,  Parkinson,  586. 
QeneraL 
Chemical  study  of  the  glaucophane  schists, 

Washington,  786. 
Foyaite-ijolite  series  of  Magnet  Cove,  Wash- 
ington, 783. 
Foyaite-ijolite  series  of  Magnet  Cove,  II, 

Wa.shington,  784. 
Metasomatic  processes  in  fissure  veins,  lind- 

gren,  495. 
Nitrates  in  cave  earths,  Nichols,  666. 
Origin  and  claoiiication  of  gneisses,  Gordon, 

296. 
Outline  of  elementary  lithology.  Barton,  44. 
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Monzonite.  Pirsson,  617. 
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FOSSIL  FLORA  OF  THE  JOHN  DAY  BASIN,  OREGON. 


Bv  F.  H.  Knowlton. 


INTRODUCTION. 

For  a  number  of  years  1  have  been  gradually  accumulating  material 
for  a  thorough  revision  of  the  Tertiary  floras  of  the  Pacific  slope. 
Fossil  plants  are  known  to  occur  at  numerous  points  within  this 
area,  and  their  study  and  identification  has  already  furnished  valuable 
data  bearing  on  the  geological  history  of  the  region,  and  when  still 
further  exploited  it  is  confidently  expected  that  they  will  afford  more 
exact  data  for  the  use  of  geologists.  This  investigation  is  progressing 
satisfactorily,  and  at  no  distant  day  it  is  hoped  to  have  it  in  form  for 
final  publication. 

From  time  to  time  various  members  of  the  United  States  Geological 
,  Survey,  as  well  as  others  not  connected  with  this  organization,  have 
sent  in  small  collections  of  fossil  plants  for  determination.  These 
have  been  studied  and  reported  upon  as  fully  as  the  condition  of  the 
problem  permitted,  so  that  the  determinations  could  be  immediately 
available  to  geologists,  but  with  the  reservation  that  none  of  the  ques- 
tions could  be  fully  settled  until  all  known  material  had  l)een  studied 
and  properly  correlated. 

The  rich  fossil  plant  deposits  in  the  John  Day  Basin,  as  set  forth 
more  fully  in  the  historic4il  account  which  follows,  have  been  known 
for  a  period  of  nearl}'  fifty  years,  but  their  study  has  been  carried  on 
in  a  more  or  less  desultory  manner.  There  has  also  been  considerable 
confusion  as  to  the  horizons  whence  these  plants  came.  As  various 
species  of  plants  described  originally  from  the  flohn  Day  region  were 
detected  in  various  other  localities  in  Oregon,  and  in  surrounding 
areas,  as  central  Washington,  western  Idaho,  and  northern  California, 
it  became  more  than  ever  apparent  that  a  thorough  study  of  all 
material  obtainable  from  this  type  area  would  be  necessary  before  any 
definite  or  satisfactory  conclusions  could  be  reached. 

The  immediate  incentive  for  this  revision  was  furnished  by  the 
receipt  of  a  considerable  collection  of  plants,  made  by  Dr.  John  C. 
Merriam  in  1900  while  he  was  in  charge  of  an  expedition  into  this 
region  made  under  the  auspices  of  the   University  of  California, 
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When  these  plants  were  submitted  to  me  for  study,  it  was  thought 
possible  to  present  their  description,  together  with  a  revision  of  our 
knowledge  of  the  previously  known  forms,  within  a  space  sufficiently 
small  to  permit  the  publication  of  the  matter  as  an  appendix  to  a 
paper  on  the  general  geology  of  the  area,  then  in  preparation  by 
Dr.  Merriam.  But  it  soon  became  apparent  that  this  could  not  be 
adequately  done  within  the  space  available,  and  a  short  preliminary 
report  was  prepared  for  and  published  b}^  Dr.  Merriam.*  The  results 
of  a  complete  restudy  of  all  available  fossil  plant  material  from  the 
John  Day  Basin  are  now  presented. 

1  wish  to  record  my  great  indebtedness  to  Dr.  Merriam,  who  not 
only  accompanied  me  at  a  considerable  personal  sacrifice  on  a  trip 
through  the  region  in  1901,  but  placed  unreservedly  at  my  disposal  all 
material  bearing  in  any  way  on  the  problem  then  in  the  paleontological 
museum  of  the  Univeraity  of  California.  To  Dr.  Arthur  HoUick  I 
am  indebted  for  the  loan  of  all  material  from  the  John  Day  region 
belonging  to  Columbia  University,  and  now  deposited  in  the  New 
York  Botanical  Garden  at  Bronx  Park.  This  material',  together  with 
the  rich  collections  belonging  to  the  United  States  National  Museum, 
represents  practically  all  now  known  to  have  come  from  the  John  Day 
Basin. 

GEOGRAPHIC  LOCATION  AND  TOPOGRAPHIC  FEATURES. 

The  John  Day  Basin  is  situated  in  the  north-central  portion  of  the 
State  of  Oregon.  It  lies  mainly  in  Grant  County,  but  extends  also 
into  the  northeastern  portion  of  Crook  Count}^  and  the  southern  por- 
tions of  Gilliam,  Morrow,  and  Umatilla  counties.  It  is  rudely  rectan- 
gular in  outline,  and  is  almost  completely  surrounded  by  the  Blue 
Mountains,  whose  rugged  eastern  ridges  rise  to  a  height  of  over  0,000 
feet,  those  to  the  west  being  lower  and  made  up  largely  of  Tertiary 
lavas,  which  fonn  regular  and  often  flat-topped  ridges. 

John  Day  River,  with  its  numerous  bmnches  and  tributaries,  drain- 
ing an  area  of  approximately  10,000  square  miles,  has  a  general  west- 
ward course  through  the  basin,  which  it  leaves  on  its  west  side  through 
a  gap  ])etweon  the  north  and  south  ranges  of  the  Blue  Mountains; 
thence  its  course  is  north  to  the  Columbia. 

When  viewed  from  an  eminence  the  basin  presents  a  rough  and 
rugged  appearance  and  bears  abundant  evidence  of  former  volcanic 
activity  in  the  shape  of  ridges  and  plateaus,  often  several  thousand 
feet  in  height,  made  up  of  volcanic  flows  of  various  kinds,  as  well  as 
vast  deposits  of  ashes,  tuffs,  and  occasionally  sands  and  gravels. 
Around  these  ridges  and  plateaus  the  water  courses  have  cut  deep  and 
often  narrow  canj^ons,  especially  in  the  soft  ashes  and  tuffs,  but  occa- 
sionally also  through  the  massive  basalt^,  rhyolites,  and  andesites. 

a  A  contribution  to  the  geology  of  the  John  Day  Ba**in:  Tniv.  Cal.,  Bull.  Dept.  Gcol.,  Vol.  II,  No.  9, 
April,  1901,  pp.  269-314. 
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The  area  of  land  under  cultivation  is  extremely  limited,  being  con- 
fined to  the  scattered  narrow  bottoms  along  the  main  streams.  With 
the  exception  of  a  growth  of  pines  along  the  higher  ridges,  the  tree 
growth  is  confined  to  a  fringe  of  cottonwoods  and  willows  along  the 
water  courses  and  a  few  scattered  junipers  on  the  lower  ridges.  The 
remainder  of  the  country,  when  not  too  rugged,  is  or  was  foi-merly 
covered  with  a  luxuriant  growth  of  grasses,  but  overstocking  has 
already  seriously  impaired  the  value  of  the  ranges  for  grazing  pur- 
poses. 

HISTORY  OF  EXPLORATION  IN  THE  JOHN  DAY  BASIN. 

For  more  than  a  quarter  of  a  century  the  John  Day  Basin  has  been 
widely  known  for  its  abundant  deposits  of  plant  and  animal  fossils. 
The  first  of  its  fossil  riches  to  be  discovered  were  mammalian  remains 
in  the  form  of  teeth  and  fragments  of  bones  from  the  Crooked  Riv^er 
region,  brought  back  by  a  company  of  soldiers  who  ti-aversed  the 
region  in  1861.  Some  of  these  fossils  fell  into  the  hands  of  Rev. 
Thomas  Condon,  then  located  in  The  Dalles.  Condon  recognized  the 
value  of  the  discovery,  and  early  in  the  following  year  he  obtained 
permission  to  accompany  a  party  of  soldiers  taking  supplies  to  the 
military  post  at  Harney  Valley.  On  the  way  out  they  passed  through 
the  Crooked  River  region,  where  Condon  obtained  fossils,  and  on  the 
return  trip  by  way  of  Camp  Watson,  a  post  long  ago  abandoned, 
he  discovered  rich  plant  deposits  on  Bridge  Creek.  In  18G8  and 
1864  C/ondon  spent  some  weeks  in  each  season  in  exploring  along 
Bridge  Creek  and  John  Day  River,  in  the  latter  region  discovering 
and  naming  Turtle  C^ve,  a  locality  which  has  afforded  a  large  pro- 
portion of  the  vertebmte  remains  thus  far  brought  to  light  in  this 
region. 

In  the  fall  of  1871  Prof.  O.  C.  Mai'sh,  of  Yale  University,  in  com- 
pany with  a  large  party  of  students  and  others,  under  the  guidance  of 
Condon,  made  an  extended  trip  through  the  basin,  collecting  vertebmte 
remains,  principally  from  what  arc  now  known  as  the  "John  Day" 
and  "Mascall"  beds.  From  this  date  until  1877  parties  in  the  employ 
of  Marsh  continued  collecting  throughout  the  region,  but  they  ai)poar 
to  have  procured  only  animal  remains.  As  these  vertebrate  remains 
were  found  in  such  abundance  and  so  well  preserved,  the  region  con- 
tinued to  attract  students.  Thus  in  1878  and  1879  collections  were 
made  for  Prof.  E.  D.  Cope;  in  1882  for  the  United  States  (leological 
Survey,  under  the  direction  of  Professor  Marsh,  and  in  1889  by  Prof. 
W.  B.  Scott,  for  Princeton  University.  In  1899  and  1900  Dr.  John  C. 
Merriam,  with  a  large  party,  collected  extensively  throughout  the 
region  in  the  interests  of  the  Univei*sity  of  California.  His  attention 
was  mainly  devoted  to  securing  vertebrate  remains,  but  he  also  obtained 
a  small  and  extremely  interesting  collection  of  plants  from  Cherry 
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Creek,  Clarnos  Ferry,  Bridge  Creek,  Van  Horn's  ranch,  and  other 
places.     These  plants  will  be  noticed  later. 

As  already  stated,  Professor  Condon  was  the  first  to  discover  the 
rich  plant  beds  on  Bridge  Creek.  His  collections  from  this  locality, 
from  Currant  Creek,  and  possibly  other  places  within  the  basin,  were 
probably  made  during  several  years,  and  were  ultimately  placed  in  the 
hands  of  the  late  Dr.  J.  S.  Newberry,  of  Columbia  University,  for 
study.  As  the  partial  results  of  his  study  Dr.  Newberry  published, 
in  March,  1883,  brief  characterizations  of  fifteen  new  specious  of  plants.** 
These  species,  as  well  as  seveml  others,  wore  more  fully  described  and 
figured  in  his  Later  Extinct  Floras  of  North  America,*  a  posthumous 
work  issued  under  the  editorship  of  Dr.  Arthur  HoUick  in  1898.  The 
publication  of  the  latter  work,  containing  as  it  did  the  illustrations, 
made  it  possible  for  the  first  time  to  l>e  certain  of  Newberry's  species. 
All,  or  nearly  all,  of  the  material  on  which  Newberry's  work  was 
based  ultimately  became  the  property  of  the  United  States  National 
Museum,  where  it  now  is. 

Probably  about  1870  Mr.  C.  D.  Voy,  a  well-known  collector  of  San 
Francisco,  California,  made  a  collecting  trip  through  the  basin.  He 
obtained  plants  from  Currant  Creek,  Bridge  Creek,  and  from  a  new 
locality  known  later  as  Van  Horn's  ranch  or  Belshaw's  ranch.  These 
specimens,  through  the  munificence  of  Mr.  D.  O.  Mills,  were  pre- 
sented to  the  University  of  California,  when*  they  now  are.  This 
material  was  all  submitted  to  Prof.  Leo  Los(juereux  for  determina- 
tion. The  exact  date  on  which  it  came  into  his  hands  is  uncertain, 
but  it  must  have  been  in  or  before  1878,  for  a  part  of  the  species — 
certain  of  those  from  Van  Horn's  I'anch — were,  owing  to  insufficient 
labeling,  included  in  his  Fossil  Plants  of  the  Auriferous  (imvel 
Deposits  of  the  Sierra  Nevada,*"  published  in  that  year.  The  remain- 
der, now  known  to  have  come  from  Currant  Creek,  Bridge  Creek, 
and  Van  Horn's  much,  though  mainly  lal^eled  simply  '^John  Day 
Valley,  Oregon,"  was  described  l>y  Lesquereux  in  his  Cretaceous 
and  Tertiary  Flonvs.''  This  work  bears  the  date  of  1883,  and  a-s  it 
contains  descriptions  and  figures  of  many  of  the  same  species  that 
had  been  submitted  to  Dr.  Newberr} %  though  of  course  under  differ- 
ent names,  it  becomes  a  matter  of  nuich  importance  to  fix  more 
exactly  the  actual  time  of  issue.  In  the  case  of  Newberry's  paper 
the  actual  date  is  easily  fixed  by  the  date  on  the  final  signature 
as  March  21,  1883.  From  a  note  in  the  first  page  of  the  CretaceoiLs 
and  Tertiary  Floras  it  appears  that  the  manuscript  was  submitted  by 
Professor  Les(iuereux  on  September  27,  1SS2,  and  wjis  received  by  the 
Director  of  the  United  Stat<\s  Geological  Survey  on  Octol)er  12,  1882. 

'«Pn)c.  U.  S.  Nut.  M\is..  Vol.  V,  iss:},  j)p.  502-613. 

/'Mon.  U.  8.  Gw.l.  Survey  Vol.  XXXV. 

•  Mi'in.  Mils.  Cfimp.  Z<>ol..  Vol.  VI,  No.  2. 

'/  V.  S.  Geol.  ami  Geog.  Sun-.  Terr.,  Mon.  VIII,  ivv^.  pp.  •239-2r>.'). 
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But  the  letter  of  transmittal  to  the  then  Secretaiy  of  the  Interior  bears 
date  of  November  1,  1883,  and  as  this  must  have  preceded  by  some 
months  the  actual  issue  of  the  volume,  it  is  clear  that  Newberry's 
paper  has  precedence,  and  all  names  of  species  established  by  him, 
when  in  conflict  with  those  given  by  Lesquereux,  must  stand. 

By  far  the  largest  collection  of  fossil  plants  from  this  region  was 
made  in  the  summer  of  1880  by  Maj.  (then  Capt.)  Charles  E.  Bendire, 
of  the  United  States  Army,  who  made  a  short  tour  through  the 
basin  with  a  large  party  of  the  Seventh  United  States  Cavalry.  He 
collected  at  Bridge  Creek,  Cherry  Creek,  and  Van  Horn's  ranch, 
securing  mainly  plants,  but  also  a  few  fish  and  mammal  remains,  and 
this  entire  collection  was  presented  by  him  to  the  United  States 
National  Museum.  The  fish  remains  were  described  by  Cope,^  and 
the  plants  were  submitted  to  Lesquereux,  whose  report  on  those  from 
Van  Horn's  ranch  and  Cherry  Creek  was  published  in  1888.*  Les- 
quereux's  report  on  the  Bridge  Creek  material  was  prepared  and  sub- 
mitted at  the  same  time,  but  on  account  of  the  difficulty  in  securing 
figures  of  the  supposed  new  species,  was  not  published.  This  manu- 
script has  been  in  my  hands  for  some  years  awaiting  revision,  and,  so 
far  as  possible,  has  been  incorporated  in  the  present  work. 

As  a  preliminary  to  the  preparation  of  this  work,  I  went  over 
very  carefully  every  specimen  in  the  collection  of  the  United  States 
National  Museum  from  Van  Horn's  much  and  Cherry  Creek,  as  pub- 
lished upon  by  Lesquereux.  In  the  case  of  the  specimens  from  Van 
Horn's  ranch  the  matrix  is  so  distinctive  that  no  difficulty  was  experi- 
enced in  making  certain  that  they  actually  came  from  this  locality, 
but  when  the  collection  from  Cherry  Creek  was  taken  up,  it  at  once 
became  evident  that  some  mixing  of  specimens  must  have  occurred. 
Lesquereux  enumerated  thirty  species  in  his  paper  above  quoted, 
but  they  are  preserved  on  very  different  kinds  of  matrix  and  repre- 
sent certain  well-known  species  that  have  never  before  been  reported 
from  the  John  Day  region.  Specimens  of  some  of  the  matrix  of  the 
suspected  species  were  sent  to  Dr.  Merriam,  of  the  University  of 
California,  for  the  purpose  of  asceilaining  whether  he  had  noted 
matrix  of  this  character  at  Cherry  Creek.  It  proved  to  >>e  wholly 
unlike  anything  observed  ^by  him  at  this  locality,  thus  in  a  measure 
confirming  my  suspicion  of  a  possible  mixture.  I  am  uncertain  where 
the  doubtful  specimens  came  from,  but  from  the  character  of  the 
matrix  as  well  as  from  the  species  represented,  it  seems  more  than 
possible  that  they  may  have  come  from  the  Green  River  beds  of 
Wyoming.  As  doubt  was  thus  cast  on  all  of  the  Cherry  Creek 
material  in  the  United  States  National  Museum  collection,  I  visited 
the  locality  myself  in  the  summer  of  1901,  in  company  with  Dr. 
Merriam,  and  made  as  full  a  collection  as  possible.    This  absolutely 

a  Am.  Nat.  Vol.  XXllI,  1889,  p.  626.        b  Proc.  U.  8.  Nat.  Mua.,  Vol.  XI,  pp.  1^-24,  PK  V-XIV. 
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confirmed  the  theory  that  Lesquereux  had  inadvertently  confused  at 
least  two  localities  under  the  name  of  Cherry  Creek,  The  typical 
matrix  at  Cherry  Creek  is  a  hard,  yellowish-brown  sandstone,  which 
fractures  very  irregularly,  making  it  dlflScult  to  obtain  perfect  impres- 
sions. Only  the  species  known  to  have  come  from  there,  or  pre- 
served on  matrix  so  similar  as  to  leave  no  reasonable  doubt  that  it 
is  the  same,  are  included  in  the  following  enumeration. 

As  already  stated,  Dr.  Merriam  obtained  small  collections  of  fossil 
plants  during  the  field  seasons  of  1899  and  1900.  These  were  submit- 
ted to  me  for  detennination,  and  a  more  or  less  tentative  report  was 
incorporated  by  Dr.  Merriam  in  his  report  above  mentioned  on  the 
geology  of  the  John  Day  Basin. 

During  the  field  season  of  1901  I  visited  the  John  Day  Basin  under 
the  guidance  of  Dr.  Merriam  and  made  collections  of  plants  at  Cherry 
Creek,  Bridge  Creek,  and  Van  Horn's  or  Belshaw's  ranch  and  vicinity. 
At  the  close  of  the  field  season  some  weeks  were  spent  in  thoroughly 
going  over  the  type  collections  of  plants  in  the  paleontological  museum 
of  the  University  of  California.  It  was  at  this  time  that  the  fact  was 
developed  that  a  part  of  the  Van  Horn's  ranch  material  had  been 
included  by  Les(iuereux  in  his  Flora  of  the  Auriferous  Gmvels  of  Cali- 
fornia. Inasmuch  as  these  species  were  mainly  the  ones  upon  which 
rested  the  correlation  between  the  beds  in  the  John  Day  Basin  and  the 
Auriferous  gmvels,  the  detection  of  the  error  was  of  the  utmost 
importance. 

GEOLOGICAL  FEATURES  OF  THE  JOHN  DAY  BASIN. 
HI8TOKY   OF  GEOLOGICAL  INVESTIGATION   IN   THE   REGION. 

Considerable  confusion  and  uncertainty  have  existed  regarding 
geological  events  and  their  sequence  within  this  area,  due  in  large 
measure  to  the  fact  that  observations  were  either  hastily  made  during 
brief  reconnaissance  trips  through  the  region,  or  were  confined  to 
the  vicinity  of  the  richer  fossil  deposits.  Even  at  the  present  time 
no  detailed  geological  studj'  of  this  region  has  been  undertaken.  By 
far  the  most  important  contribution  to  the  subject  that  has  thus  far 
been  made  is  that  by  Dr.  John  C.  Merriam,  in  the  paper  already' 
referred  to.''  Before  passing  to  an  exposition  of  his  own  views  Dr. 
Merriam  presents  the  following  brief  summary  of  previous  work: 

The  first  mention  of  the  fos^Hiferous  deposits  in  the  John  Day  Basin  which  appears 
in  the  literature  was  made  by  Dr.  Joseph  I^idy.  In  ()ctol)er,  1870,  Dr.  Leidy  pre- 
8ente<l  before  the  Philadelphia  Academy  of  Sciences  '>  a  short  paper,  in  which  he 
described  **A  collection  of  fossils  recently  received  for  examination  through  the 
Smithsonian  Institution,  from  Rev.  Thomas  Condon,  of  Dalles  City,  Oregon."    The 


a  A  contribution  to  the  geology  of  the  John  Day  B»isin:  Tniv.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
April,  1901,  pp.  269-314. 
fePioc  Phila.  Acad.  Nat.  Sci.,\ol.  XXII,  1870,  pp.  111-112. 
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collection  consisted  of  **  remains  of  mammalia  obtained  by  Mr.  CJondon  from  the 
valley  of  Bridge  Creek*'  (and  **Big  Bottom  of  John  Day*'),  **a  tributary  of  John 
Day's  River,  Oregon."  The  collection  included  new  forms  of  Paracotylops  (Mery- 
cochaerus).  Rhinoceros,  and  Anchilherium.  New  oc<airrencee  of  Agriochcerus,  Lepto- 
meryx,  Lophiodon  (?),  Elotherum,  and  a  Dicotyles-like  form  were  also  noted.  Most  of 
the  previously  known  species,  as  identified  by  Leidy,  were  forms  belonging  to  the 
White  River  fauna,  and  he  probably  considered  the  John  Day  beds  as  of  nearly  the 
same  age  as  the  White  River. 

In  1873  Professor  Marsh  described  «  several  new  fossil  mammals  obtained  by  his 
exploring  party  in  the  John  Day  country  in  1871.  He  referred  two  forms  to  the 
Miocene  and  one  to  the  Pliocene,  thus  making  the  first  statement  regarding  the  age 
of  the  beds. 

In  his  paper  on  the  great  lava  flood  of  the  West,  Prof.  Joseph  Le  Conte  ^  makes 
the  firsit  mention  of  the  structural  relations  of  the  John  Day  formations.  His  state- 
ment r^arding  the  relation  of  the  laVa  to  the  John  Day  l)eds  is  in  part  as  follows: 
"The  lava  of  this  region  is  *  *  *  underlaid  by  the  remarkable  fossiliferous 
Miocene  lake  deposit  of  the  John  Day  Valley;  erosion  has  cut  through  the  lava  cap 
into  the  soft  strata  beneath." 

The  earliest  general  discussion  of  John  Day  geology  which  appears  in  literature  is 
the  following  statement  published  by  Marsh  <*  in  1875: 

**The  Blue  Mountains  formed  the  eastern  and  wnitheru  shores  of  this  lake,  but  its 
other  limits  are  diflScult  to  ascertain,  as  this  whole  country  has  since  been  deeply 
buried  by  successive  overflows  of  volcanic  rock.  It  is  only  when  the  latter  have 
been  washed  away  that  the  lake  deposit*?  can  l)e  exainineil.  The  discovery  and  first 
explorations  in  this  basin  were  made  by  liev.  Thomas  Condon,  the  present  State 
geologist  of  Oregon.  The  typical  l(K*alities  of  this  Miocene  basin  are  along  the  John 
Day  River,  and  this  name  may  very  properly  be  used  to  designate  the  lake  basin. 
The  strata  in  this  basin  are  more  or  U»88  inclintnl  and  of  great  thicknejas.  One  section 
near  the  John  Day  River,  examined  by  the  writer  in  1871  and  again  in  1873,  seems 
to  indicate  a  thickness  of  not  less  than  5,0(X)  feet.  The  up|)er  beds  alone  of  this 
series  correspond  to  the  deposits  in  the  White  River  Basin.  The  lower  portion  also 
is  clearly  Miocene,  as  shown  by  its  vertebrate  fauna,  which  differs  in  many  respects 
from  that  above.  Beneath  these  strata  are  seen,  at  a  few  localities,  the  Eocene  beds 
containing  fossil  plants  mentionerl  above.  They  are  more  highly  inclined  than  the 
Miocene  IkhIs,  and  some  of  tliem  show  that  they  have  been  subjected  to  heat.  The 
inferior  strata  elsewhere  are  Mesozoic  and  apparently  Cretaceous.  Al)ove  the  Mio- 
cene strata  Pliocene  beds  are  seen  in  a  few  places,  but  Imsalt  covers  nearly  all." 

In  this  account  we  find  the  name  "John  Day"  first  used  for  the  principal  fossil 
beds  of  the  basin.  The  relation  of  this  horizon  to  the  great  lava  beds  is  also  cor- 
rectly stated,  though  it  is  not  quite  clear  whether  he  considered  the  Pliocene  as  also 
covered  by  the  basalt  flows.  The  Pliocene  referred  to  is  pretty  certainly  the  Mascall 
beds.  It  is  known  that  Marsh  camped  near  the  typical  exposure  of  this  formation 
and  did  some  collecting  in  it.  To  what  Marsh  referred  in  his  statements  concerning 
Eocene  and  Cretaceous  it  is  not  certain.  He  has,  however,  correctly  descriljed  the 
stratigraphic  sequence. 

In  1880  Prof.  E.  D.  Cope^'  published  the  following  statement  concerning  the  geol- 
ogy of  the  John  Day  country: 

"The  regions  of  the  John  Day  River  and  Blue  Mountains  furnish  sections  of  the 
formations  of  central  Oregon.  Above  the  Loup  Fork  or  Upper  Miocene  there  is  a 
lava  outflow  which  has  furnished  the  materials  of  a  later  lacustrine  formation, 
which  contains  many  vegetable  remains.  The  material  is  coarse  and  somewhat 
gravelly  and  is  found  on  the  Columbia  River,  and  I  think  also  in  the  interior 
l>asin.     Professor  Condon,  in  his  unpublished  notes,  calls  this  the  Dalles  group. 

«Am.  Jour.  8cl.,  8d  ser.,  Vol.  V,  1873,  p.  409.  "Am.  Jonr.  9ci..  3d  wr..  Vol.  IX.  1875.  p.  52. 

«>  Am.  Jour.  Sci.,  8d  ser.,  Vol.  VII,  1874,  p.  167.         dProc.  Am.  Phlloe.  Soc.,  Vol.  XIX,  1880.  p.  61. 
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It  is  in  turn  (overlaid  by  the  beds  of  the  second  great  volcanic  outflow.  Below 
the  Loup  Fork  follows  the  Truckee  group,  so  rich  in  extinct  mammalia,  and  below 
this  a  formation  of  shales.  These  are  cx)mpoeed  of  fine  material,  and  vary  in  color 
from  a  white  to  a  pale  brown  and  reddish -brown.  They  contain  vegetable  remains 
in  excellent  preservation,  and  indeterminable  fishes.  The  Tcwodium  nearly  resem- 
bles that  from  the  shales  at  Osino,  Nevada,  and  on  various  grounds  I  suspect  that 
these  beds  form  a  part  of  the  Amyzon  group  (American  Naturalist,  June,  1880),  with 
the  shales  of  Osino  and  of  the  South  Park  of  Colorado.  Below  these  is  a  system 
of  fine-grained,  sometimes  shaly,  rocks  of  delicate  gray,  buff,  and  greenish  colors 
containing  cBlamites,<<  which  Professor  Condon  calls  the  (Mamite  beds.  Their  age 
is  undetermined." 

In  spite  of  Cope's  assumption  that  the  plant  and  fish  bearing  beds  mentioned  by 
him  were  to  be  correlated  with  his  Amyzon  group,  *  Lesquereux  <^  referred  the  collec- 
tions from  Van  Horn's  ranch  to  the  late  Miocene.  In  a  later  statement  regarding 
the  John  Day  stratigraphy,*'  Cope  speaks  of  the  calamite  l)ed8  as  doubtless  belonging 
to  to  the  Triassic  or  Jurassic.    This  horizon  was  determined  by  Lesquereux  as  Eocene. 

Following  is  the  geological  section  of  the  John  Day  region  as  worked 
out  by  Dr.  Merriam:*' 

River  terraces,  with  undisturbed  Quaternary  fossils. 

Rattlesnake  formation.    Gravels,  ash,  tuff,  and  rhyolitic  lava. 

Mascall  formation.     Ashes,  tuffs,  and  possibly  gravels. 

Columbia  [River]  lava.     Basaltic  flows. 

John  Day  series.    Ashes,  tuffs,  and  rhyolitic  flows.     Sands  and  gravels  near  the 

top.     Lower,  middle,  and  upper  divisions. 
Clamo  formation.     Ashes,  tuffs,  and  andesitic  and  rhyolitic  lavas. 
Chico  formation.    Sandstones  and  conglomerates. 
Knoxville  fonnation.     Black  shales. 
Pre-Cretaceous  sedimentaries,  8eri>entine8.     Granitic  masses  of  unknown  age. 

PRE-CKETACEOU8   ROCKS. 

Although  the  oldest  fossiliferous  stmta  which  have  thus  far  l>eeu 
found  in  the  John  Day  I^sin  north  of  the  southern  portion  of  the  Blue 
Mountains  Iwlong  to  the  Cretaceous,  there  are  formations  exposed  at  a 
number  of  points  that  present  the  appearance,  according  to  Merriam, 
of  being  much  older.  Thus,  on  the  Middle  Fork  of  the  John  Day, 
about  5  miles  above  Ritter,  there  are  certain  sedimentary  rocks  bor- 
dering an  area  of  quartz-diorite  which  are  nmch  more  indurated  and 
deformed  than  any  known  Cretaceous  within  the  basin. 

At  Spanish  Gulch,  12  miles  southwest  of  Dayville,  the  Chico  Cretaceous  is  seen 
resting  upon  serix»ntine,  which  has  the  appearance  of  being  intnided  into  it.  At  the 
head  of  the  gulch  the  serpentine  is  separated  from  what  was  taken  to  be  the  Chico 
conglomerate  by  a  zone  of  schist  and  quartzit^.-  Not  far  from  this  locality  there  is 
associated  with  the  serpentine  a  considerable  thickness  of  quartzite  with  quartz 
veins,  which  have  produced  some  gold.  Limestones  quite  <lifferent  from  any  seen 
in  the  Chico  are  also  exposed  here.  From  the  same  neighborho<Ml  the  writer 
obtained  a  specimen  of  a  granitic  rock,  said  to  form  one  wall  of  a  tunnel. 

Although  no  direct  proof  can  be  presented,  it  seems  probable  that  some  of  the 
rocks  associated  with  the  serpentine  at  Spanish  Gulch  are  older  than  the  Cretaceous./ 

a  This  is  apparently  Equmtum  ortijonrnse  NewVnjrry,  q.  v. 

'»('ojH\  Am.  Mat.  1879.  p.;tt2,  Late  Eocene  or  Early  Miocene,  Nevada. 

cVwc.  V.  S.  Nat.  Mus..  Vol.  XI,  1888,  p.  13. 

rf.Mon.  r.  S.  Geol.  and  Geogr.Smr.  Terr.,  Vol.  Ill,  1884,  p.  16. 

^Merriam.  op.  cit,  p.  278 

/Ibid,  p.  280. 
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At  a  point  6  miles  south  of  Clarnos  Ferry,  near  the  junction  of 
Muddy  and  Currant  creeks,  there  are  several  hundred  feet  of  black 
slates.  No  fossils  have  been  found  in  these  slates,  which  seem  older 
than  the  Knoxville  shales. 

KNOXVILLE  AND   CHICX)   BEDS. 

No  fossiliferous  Knoxville  beds  have  been  found  within  the  basin, 
and  the  presence  of  this  formation  is  based  on  purely  lithological 
grounds.  At  Mitchell  there  is  exposed  a  section,  thought  by  Merriam 
to  be  hardly  less  than  3,000  or  4,000  feet  in  thickness,  which  is  made  up 
of  sandstone,  conglomerate,  and  shale.  The  lower  portion  of  this  sec- 
tion is  composed  mainly  of  shale  which,  from  its  resemblance  to  the 
Knoxville  so  usually  developed  in  California  and  south -central  Oregon, 
is  assumed  to  be  of  this  age. 

The  Chic9  is  exposed  at  Mitchell  and  Spanish  Gulch.  Only  a  single 
fossil  has  thus  far  been  afforded  by  the  Mitchell  locality.  Fossil 
invertebrates  have,  however,  been  obtained  at  two  localities  near 
Spanish  Gulch.  These  were  submitted  to  Dr.  T.  W.  Stanton,  who 
reports  that  they  indicate  a  ^'  horizon  at  or  very  near  the  base  of  the 
Chico  formation.'^ 

CLARNO    FORMATION. 

The  name  Clarno  formation  has  been  given  by  Merriam  to  a  series 
of  beds  some  400  feet  in  thickness  which  rests  on  the  Chico  or  Knox- 
ville, and  which  consists  almost  entirely  of  eruptive  materials  in  the 
form  of  rhyolite  and  ande^ite  flows  and  ash  and  tuff  beds.  It  is  found 
in  typical  exposures  at  Clarnos  Ferry,  near  the  town  of  Fossil,  on 
Cherry  Creek,  and  near  Burnt  ranch. 

Where  the  Clamo  has  been  found  in  contact  with  the  John  Day  there  is  no  appar- 
ent angular  unconformity  of  the  strata.  The  difference  in  induration  and  weath- 
ering is,  however,  very  noticeable.  The  sedimentary  parts  of  the  Clarno  show  a 
much  greater  degree  of  induration  than  the  John  Day  beds  immediately  above,  and 
tend  at  all  localities  to  form  steep  bluffs,  omamenteil  frequently  with  balanced  rocks 
or  grotesque  figures. « 

Thus  far  neither  vertebrate  nor  invertebrate  remains  have  been 
found  in  the  Clarno,  but  at  most  of  the  localities  where  carefully 
exploited  fossil  plants  have  been  found,  often  in  abundance.  The 
celebrated  Bridge  Creek  locality  falls  within  this  formation,  occurring 
at  the  base  of  the  superimposed  John  Day  beds.  I  visited  this 
locality  in  1901  and  obtained  a  small  collection.  The  plants  occur 
abundantly  in  a  reddish  shale,  which  weathers  whitish.  The  other 
plant  localities  in  the  Clarno  will  be  listed  later. 


«  Merriam,  op.  cit.,  p.  286. 

BuU.  204—02 2 
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JOHN   DAY   SERIES. 

Resting  directly  upon  and  apparent!}^  conformable  with  the  Clarno 
formation  is  a  thick  series  of  regularly  stratified  sediments  now 
widely  known  as  the  John  Day  beds.  This  series  of  beds  is  found 
quite  generally  throughout  the  basin,  and  represents  what  was  called 
by  Marsh  the  deposits  of  the  John  Day  Lake.  The  beds  are  made 
up  almost  entirely  of  ashy  or  tufaceous  materials,  with  occasionally, 
toward  the  top,  some  lOi)  or  200  feet  of  a  harder,  blocky  tuff. 

The  erosion  forms  and  coloration  of  the  John  Day  strata  are  quite  characteristic 
when  compared  with  those  of  other  formations  in  the  basin.  In  general  the  beds  are 
colored  various  shades  of  red,  green,  blue,  or  yellow.  In  some  cases  they  are  white 
or  gray.  As  will  be  shown  later,  the  coloration  is  an  important  character  in  distin- 
guishing the  subdivisions  of  the  system.  The  beds  are  usually  quite  soft  and  dis- 
integrate very  rapidly,  forming  a  layer  of  mud  several  inches  thick  over  a  large  part 
of  the  exposed  surface.     A  moderately  heavy  rain  starts  the  mud  almost  in  streams. « 

The  thickness  of  the  John  Day  series  north  of  the  southe?n  portion  of 
the  Blue  Mountains  is  placed  by  Dr.  Merriam  between  1,500  and  2,000 
feet,  while  to  the  south,  in  the  vicinity  of  Logan  Butte,  it  is  estimated 
to  be  between  3,000  and  4,000  feet. 

The  John  Day  series  is  divided  by  Dr.  Merriam  into  a  lower,  middle, 
and  upper  division  The  lower  division,  having  aa  estimated  thick- 
ness of  260  or  300  feet,  consists  of — 

highly  colored  shale  which  breaks  down  readily,  forming  characteristic  mud-covere<l 
domes.  Th^e  beds  are  in  the  main  a  deep  i*ed,  with  occasional  alternating  strata  of 
buff  or  white  ash.  At  Bridge  Creek  alternating  beds  of  red,  white,  and  green, 
occurring  in  a  group  of  typical  hills  of  this  division,  form  a  striking  feature  of  the 
landst»]X',  the  colored  strata  making  sharply-defined  rings  al^out  the  hills.  ^ 

The  middle  division,  having  a  thickness  of  from  500  to  possibly  800 
or  1,000  feet- 
consists  of  drab  to  bluish-green  IkhIs,  sometimes  forming  rounded  hills,  but  more 
frequently  exposed  as  steep,  pinnacled,  and  riblxjd  bluffs.  <^ 

The  uppermost  beds,  showing  a  thickness  of  300  or  4:00  feet,  or  in 
some  cases  of  somewhat  more,  are — 

buff,  tufaceous,  or  ashy  dei)Osits,  sometimes  with  sand  and  gravels  near  the  top. 
....  They  are  usually  harder  and  are  generally  exposed  as  steeper  bluffs  than  the 
strata  of  the  lower  divisions.*^ 

The  lower  division  of  the  John  Day  series  is  practically  barren  of 
fossils  of  all  kinds,  while  the  middle  and  upper  divisions  have  fur- 
nished a  very  extensive  fauna.  The  only  plant  remains,  with  possibly 
a  single  exception,  are  found  in  the  upper  division,  and  even  here  they 
consist  of  only  four  or  five  species.  The  locality  is  3i  miles  south  of 
Lone  Rock. 

a  Mcrrlam,  op.  cit.,  p.  292.  b  Idem,  p.  293.  •'  Idem,  p.  294.  rfldem,  p.  395. 
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COLUBIBIA   RIVER  LAVA. 

So  far  as  can  now  be  made  out  the  great  Columbia  River  lava  once 
covered  practically  the  entire  John  Day  country,  with  few,  if  any, 
points  projecting  alwve  it.  It  consists  of  a  large  number  of  basalt  flows 
which  are  sometimes  separated  by  beds  of  tuff,  and  it  is  estimated  by 
Dr.  Merriam  to  be  not  less  than  1,UH)  feet  in  thickness,  and  in  many 
cases  it  seems  to  be  still  thicker.  This  lava  sheet  has  been  compara- 
tively little  di8turl)ed,  remaining  practically  flat  over  the  entire  region, 
being  rarely  inclined  more  than  5^  or  10^. 

MASOALL  FORMATION. 

At  seveml  i)oints  within  the  basin  there  is  a  series  of  sediments 
resting  upon  the  Columbia  River  lava  to  which  Dr.  Merriam  has  given 
the  name  Mascall  formation.  This  series,  or  portions  of  it,  has  been 
variously  known  in  literature  as  the  Cottonwood  beds,  Loup  Fork 
beds,  the  Ticholeptus  beds,  the  Amyzon  beds  in  part,  and  Anally  the 
Protolabis  beds.  For  one  reason  or  another  these  various  terms  are 
inajjplicable.  Thus  ''Cottonwood"  is  preoccupied  by  its  use  for  a 
Car>>oniferous  formation  in  Kansas;  its  correlation  with  the  Ix)up 
Fork,  the  Amyzon  beds,  and  the  Ticholeptus  beds  is  open  to  doubt, 
leaving  onl}'  Wortman's  term,  Protolabis  beds,  which,  in  Dr.  Merri- 
am'^s  opinion,  will  cover  only  a  portion  of  the  section.  The  name  Mas- 
call  foiTuation  was  suggested  by  the  occurrence  of  the  typical  section 
near  the  Mas(*all  ranch,  4  miles  below  Day  ville. 

At  Rattlesnake  Creek,  near  Cotti>nwcK)d,  the  Maseall  is  not  less  than  800  to  1,000 
feet  thick.  The  betls  are  niaile  up  laiyely  of  a**h  and  tuff,  and  are  generally  light 
colored,  though  there  are  some  hrowninh  and  reddish  strata.  Coarse,  detrital  mate- 
rials are  generally  alinent  from  the  typical  section." 

The  Mascall  formation  has  afforded  a  large  and  varied  fauna,  con- 
sisting of  mammals,  testudinates,  and  iish,  and  a  large  and  interesting 
flora.  The  Van  Horn's  or  Belshaw's  ranch  locality  is  in  this  forma- 
tion, occurring  near  the  base  of  the  section.  The  plants  are  preserved 
in  a  soft,  white,  tine-grained  ash  or  tuff,  which  is  often  10  feet  in  thick- 
ness, though  usually  less.  This  material  is  so  light  when  dry  that  it 
readily  floats  for  some  time  on  water. 

RATTLESNAKE   FORMATION. 

Dr.  Merriam  has  given  the  name  Rattlesnake  formation  to  a  series 
of  coarse  gravels,  tuffs,  and  rhyolite  flows  that  rest  unconformably 
upon  the  Mascall  formation.  These  beds  are  very  slightly  inclined, 
showing  a  dip  of  only  al)out  5  . 


a  Merrittin,  op.  eit,  p.  :«7. 
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....  At  one  locality  on  Birch  Creek,  where  a  section  of  the  Rattlesnake  was  care- 
fully examined,  it  was  found  to  comprise  30  to  40  feet  of  coarse  baaal  gravels,  above 
this  about  25  feet  of  soft  brown  tuff,  and  capping  this  alK)ut  30  feet  of  rhyolite.  At 
other  localities  more.than  100  feet  of  gravel  have  been  seen  upon  the  rhyolite.  The 
basal  gravel  beds  show  a  thickness  of  200  feet  or  more  in  other  localities.  They  are 
frequently  very  coarse  and  contain  many  pebbles,  evidently  derived  from  the  Colum- 
bia [River]  lava.« 

The  Rattlesnake  formation  has  therefore  not  yielded  fossil  plants, 
but  contains  a  considerable  vertebrate  fauna. 

RIVER  TERRACES. 

At  many  places  along  the  John  Day  and  its  tributaries  ''one  or 
more  terraces  are  to  l>e  found  not  far  above  the  existing  floor  of  the 
valley."  In  several  localities  they  have  been  found  to  contain  undis- 
turbed remains  of  Elephm  primigehius. 

LOCALITIES  FOR  FOSSIL  PLANTS  IN  THE  JOHN  DAY  BASIN. 

1.  Bridge  Creek,  about  6  miles  southeast  of  Burnt  much  and  2^ 
miles  southwest  of  The  Dalles  military  road  at  Allen's  ranch.  Collec- 
tions at  this  place  have  been  made  by  Condon,  Voy,  Bendire,  Merriam, 
Osmont,  and  Knowlton. 

2.  Road  crossing  at  Cherry  Creek,  about  10  miles  northwest  of 
Burnt  ranch.  Collections  made  by  Merriam's  part}^  in  1900  and  by 
Knowlton  and  Merriam  in  1901.  The  original  locality  which  afforded 
the  specimens  studied  by  Lesquereux  and  Newberry  is  said  to  be 
about  2  miles  up  Cherry  Creek  from  the  point  where  the  military  road 
firet  crosses  it. 

3.  Currant  Creek,  Crook  County.  Seveml  species  were  described 
by  Newberry  from  collections  made  by  Condon  at  this  locality. 
Only  one  of  these  species  has  been  since  obtained  in  this  area  and 
then  not  at  the  original  place,  but  at  Cherry  Creek.  The  type  local- 
ity is  unknown. 

4.  One  and  one-half  miles  east  of  Clarnos  ferry.  Collection 
made  by  Merriam's  party  in  1900. 

5.  Three  miles  above  Clarnos  ferry.  Collection  made  by 
Merriam's  party  in  1900. 

6.  One-half  mile  noutheast  of  Fossil.  Collection  made  by 
Merriam's  party  in  1900. 

7.  Three  and  one-half  miles  south  of  Lone  Rock.  Collection 
made  by  Merriam's  party  in  1900. 

8.  Van  Horn's  ranch  (now  Belshaw's  ranch),  alx)ut  halfway 
between  Canyon  and  Dayville,  on  East  Fork  of  John  Day  River. 
Original  locality  south  side  of  military  road  and  ne^ir  bed  of  stream. 
Collections  made  by  Condon,  Voy,  Bendire,  MeiTiam,  and  Knowlton 
and  Merriam. 


a  Merriam,  op.  cit.,  p.  310. 
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9.  Belshaw's  ranch,  at  white  hill  about  one-half  mile  northeast  of 
original  locality  and  on  north  side  of  military  road.  Collections  made 
probably  by  Bendire  and  by  Knowlton  and  Merriam. 

10.  Belshaw's  ranch,  in  gulch  1  mile  northeast  of  Belshaw's 
house  and  about  2  miles  east  of  original  locality.  Collection  made  by 
Knowlton  and  Merriam. 

11.  Officer's  ranch,  one-fourth  mile  from  John  Day  River,  lower 
end  of  Butler  Basin  (Butler  Basin  =  upper  end  of  Turtle  Cove).  Col- 
lection made  by  Merriam,  July  22,  1901. 

12.  Four  miles  east  of  Dayville,  south  side  of  East  Fork  Valley. 
Collection  made  by  Merriam's  party  in  1900. 

SYSTEMATIC  DESCRIPTION  OF  SPECIES. 

Family  SCHIZ^ACE^. 

Lygodium  Kaulfusii  Heer. 

Lygodium  Kaulfusii  Heer.     Newberry,  Later  Extinct  Floras,  p.  1,  PI.  LXII,  figs.  1-4, 

1898. 
Lygodium  neuropteroides  Leeq.,  Tert.  Fl.,  p.  61,  PI.  V,  figs.  4-7;  PI.  VI,  fig.  1,  1878; 

Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  24,  1888. 

As  it  now  seems  pretty  generally  agreed  that  Lesquereux's  Lygodium 
neuropteroides  is  the  same  as  Z.  KwulfusH  of  Heer,  all  the  Oregon 
material  has  been  so  referred. 

The  material  from  Cherry  Creek  collected  by  Major  Bendire  embraces 
some  forty  more  or  less  perfect  examples.^  The  expedition  of  the 
University  of  California  of  1900  obtained  four  examples  of  this  species 
at  Cherry  Creek  in  a  matrix  corresponding  to  that  first  mentioned 
above,  and  a  number  of  additional  specimens  were  obtained  by  Dr. 
Merriam  and  myself  at  the  same  place  in  1901. 

Locality, — Cherry  Creek,  Crook  County,  Oregon.  Collected  hy 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2505),  by  Merriam's 
party  in  1900  (Mus.  Univ.  Cal.,  Nos.  176,  177,  183,  224),  and  by 
Knowlton  and  Merriam  in  1901  (U.  S.  Nat.  Mus.,  Nos.  9059-9066). 

Family  POLYPODIACE^. 
AsPLENiUM  SUBSIMPLEX  (Lesq.)  Knowlton. 

.Ahplenium  SUBSIMPLEX  (Lesq.)  Knowlton,  Cat.  Cret.  and  Tert.  P].  N.  A.,  p.  45, 1898. 
Pleris  mbsimplea:  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  24,  1888. 

There  are  fragments  of  several  fronds  in  the  collection  that  should 
probably  be  referred  to  this  species,  yet  they  do  not  quite  agree  in  all 
particulars.     Thus  the  example  secured  by  Bendire  (U.  S.  Nat.  Mus. , 

a  As  already  pointed  out  (ante  p.  13)  the  material  in  the  United  States  National  Museum  under 
ihi»  number  appears  to  consist  of  two  yer>'  distinct  lots.  Only  those  known  to  have  come  from 
Cherry  Creek  are  here  referred  to. 
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No.  2634)  has  the  frond  from  4.5  cm.  to  nearly  5  cm.  in  width,  while 
a  specimen  obtained  by  the  Univei-sity  of  California  (No.  170,  ooun 
terpart  171)  is  only  2.5  cm.  in  width.  These  measurements  are  larger 
and  smaller  respectively  than  the  usual  examples  of  A,  mhsimplex 
from  Colorado,  and  the  nervation  arises  at  a  less  angle  in  the  Oregon 
specimen,  but  these  differences  are  slight  and  probably  not  sufficient 
to  exclude  them  from  this  species. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  bj'^ 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2634),  by  Merriam's 
party  in  1900  (Mus.  Univ.  Cal.,  Nos.  170,  174),  and  by  Knowlton  and 
Merriam,  1901  (U.  S.  Nat.  Mus.,  Nos.  9068-9074). 

Pteris  pseudo-pinn^formis?  Lesq. 

Pteris  pseudo-pinn^formis  Lesq.,  Tert.  Fl.,  p.  52,  PI.  IV,  figs.  3,  4,  1878. 
Pteris  pinmeformis  Heer.  Newberry,  Later  Extinct  Floras,  p.  7,  PI.  XLVIII,  fig.  5, 
1898. 

This  species  appears  to  have  been  found  but  once.  The  specimen 
is  now  in  the  United  States  National  Museum  and  is  preserved  in 
matrix  which  closely  resembles  that  at  Cherry  Creek. 

Locality.— Cuxvfiui  Creek,  Oregon.  Collected  by  Rev.  Thomas 
Condon  (U.  S.  Nat.  Mu3.,  No.  8098). 

Lastrea  (Goniopteris)  FiscriERi?  Heer. 

Labttrea  (Goniopteris)  Fischeri  Heer,  Fl.  Tert.  Helv.,  V^ol.  I,  p.  34;  PI.  IX,  figs. 

3a-3e,  1855;  Newberry,  Later  Extinct  Floras,  p.  10,  PI.  XLVIII,  fig.  6,  1898. 
IjoMrea  Knighliana  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  503,  1883. 

The  specimen  upon  which  this  determination  was  based  is  in  the 
United  States  National  Museum,  and  so  far  as  known  no  others  have 
since  been  obtained. 

Locality, — Currant  Creek,  Oregon.  Collected  by  Rev.  Thomas 
Condon  (U.  S.  Nat.  Mus.,  No.  7097). 

Family  EQUISETACE.E. 

Equisetum  oregonense  Newb. 

Equisetum  oregonense  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  503,  1883;  Later 

Extinct  Floras,  p.  14,  PI.  LXV,  ^g.  7,  1898. 
EquiMlum  Homii  Lesq.,  Proc.  U.  8.  Nat.  Mus.,  Vol.  XI,  p.  23,  1888. 

After  a  careful  examination  of  the  fort}-  or  more  specimens  of 
Lesquereux's  L^.  IIotviH  I  am  convinced  that  they  are  the  same  as 
Newberry's  Jt^.  oregonense.  They  are  better  preserved  than  New- 
berry's material,  many  of  them  not  being  compressed  in  the  least. 
Two  or  three  flat  specimens  have  a  width  of  fully  3  cm.,  and  the  non- 
compressed  examples  range  from  1.25  cm.  to  over  1.5  cm.  in  diameter. 
Several  of  the  diaphragms  are  preserved  without  distortion.  They 
are  from  1.25  to  2  cm.  in  diameter  and  evidently  several  millimeters 
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in  thickness.  The  sheaths  are  short  and  provided  with  short,  obtuse 
dentations.  The  teeth  are  nearly  obsolete.  The  number  of  striations, 
as  nearl3^  as  can  be  made  out,  is  between  forty  and  fifty. 

Localities, — Currant  Creek,  Oregon.  Collected  by  Rev.  Thomas 
Condon  (type  of  E,  oregonenae^  which  is  in  Mus.  Columbia  Univ., 
N.  Y.).  Cherry  Creek,  Crook  County,  Oregon.  Collected  by  Maj. 
Charles  E.  Bendire  (type  of  E.  Ilornii,  U.  S.  Nat.  Mus.,  No.  2464, 
41  specimens);  b}^  Merriam's  party  in  1900  (Mus.  Univ.  Cal.,  Nos.  184, 
185,  922),  and  by  Knowlton  and  Merriam  in  1901  (U.  S.  Nat.  Mus., 
No.  9067).  Also  3  miles  above  Clarnos  Ferry.  Collected  by  Mer- 
riam's  expedition  of  1900  (Mus.  Univ.  Cal.,  Nos.  184,  185,  910,  922). 

Equisetum  sp. 
PL  I,  fig.  1. 

The  collection  contains  a  small  fragment  that  appears  to  represent 
a  short  portion  of  the  stem  and  a  single  sheath  of  an  Equisetum. 
The  stem  is  about  0.5  cm  in  diameter,  while  the  sheath  is  about  8  nnn. 
long  and  4  mm.  broad  at  the  upper  extremit3\  It  is  not  well  enough 
pre.served  to  show  the  full  character  of  the  sheath,  but  as  nearly  as 
can  l>e  made  out  it  was  provided  with  about  16  ribs  and  presumably 
an  equal  number  of  sharp  teeth. 

I.,ocality. — Gulch  1  mile  northeast  of  Belshaw's  ranch,  Gmnt  County, 
Oregon.  Collected  by  Knowlton  and  Merriam,  July,  1901  (U.  S. 
Nat.  Mus.,  No.  8503). 

Family  GINKGOACE^. 

Ginkgo  sp. 

PI.  I,  %.  5. 

The  collection  contains  a  fragment  of  what  appears  to  be  a  leaf  of 
Ginkgo,  but  it  is  too  much  broken  to  make  out  any  of  the  essential 
characters.  The  most  that  can  be  said  is  that  it  nmst  have  been  a  large 
leaf  as  compared  with  the  living  species. 

Locality, — Mascall  beds.  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Grant  County,  Oregon.  Collected  by  John  C.  Mer- 
riam, July,  1901  (U.  S.  Nat.  Mus.,  No.  8530). 

Family  PlNACEiE. 
Sequoia  Heerii  Lesq. 

Sequoia  Heerii  Lesq.,  Tert.  Fl.,  p.  77,  PI.  VII,  tigs.  11-13,  1878;  Ne\vl)erry,  Later 
Extinct  Floras,  p.  20,  PI.  XLVII,  fig.  7,  1898. 

In  the  Later  Extinct  Floras  there  is  a  fine  figure  of  thin  species,  but 
according  to  the  note  by  the  editor,  Dr.  Hollick,  there  was  no  clew  to 
the  locality  whence  the  specimen  came.     The  original  is  not  now  in 
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the  collection  of  the  United  States  National  Museum,  so  it  is  impossi- 
ble to  compare  the  matrix  with  that  from  Bridge  Creek,  but  in  the 
material  from  this  locality  obtained  by  Major  Bendire  there  is  a  fine 
specimen  that  is  absolutely  the  same  as  Lesquereux's  type  (U.  S.  Nat. 
Mus.,  No.  60)  from  Sage  Creek,  Montana.  It  is  also  identical  with 
the  figure  given  by  Newberry,  and  as  this  species  has  never  before 
been  found  outside  of  the  type  locality  it  is  more  than  probable  that 
Newberry's  specimen  was  from  Bridge  Creek. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  9220). 

Sequoia  angustifolia  Lesq. 

Sbquoia  ANGU8TTP0LIA  Lcsq.,  Cret.  and  Tert.  FL,  p.  240,  PI.  L,  ^f^.  5,  1883. 
Sequoia  Nordenskioldii  Heer.     Lesquereux,  Proc.  U.  8.  Nat.  Mus.,  Vol.  XI,  p.  19, 1888. 

The  Mascall  beds  at  Van  Horn's  ranch  contain  a  large  number  of 
specimens  that  are  undoubtedly  the  same  as  Lesquereux's  Sequoia 
(mgustifolia  from  Corral  Hollow,  San  Joaquin  County,  California. 
Whether  the  California  material  is  identical  with  the  original  mate- 
rial** from  Elko,  Nevada,  I  am  not  prepared  to  say,  as  the  types  are 
not  at  hand  for  comparison,  but  a  large  number  of  specimens  obtained 
during  the  past  season  at  Elko  by  Prof.  George  C.  Lawson,  of  the 
University  of  California,  are  absolutely  indistinguishable  from  the 
specimens  as  figured  by  Lesquereux.  Such  of  this  material  as  passed 
through  Lesquereux's  hands  was  referred  by  him  to  Glyptostrobus 
Ungeri  with  the  exception  of  a  single  undoubtedly  similar  example, 
which  was  placed  under  Setpiola  Niyi'denskioldli  as  set  forth  in  the 
above  synonymy.  This  can  not  be  properly  referred  to  American 
specimens  of  GlyptoHtrdniR  Ungeri^  although,  as  I  have  stated  on 
several  occasions,*  the  status  of  this  form  is  at  present  unsatisfactory. 

In  seeking  for  affinities  for  these  Oregon  specimens  I  have  compared 
most  of  the  figures  of  conifers  given  by  Heer  in  his  Flora  Fossilis 
Arctica  and  other  publications,  and  I  am  forced  to  the  conclusion  that 
there  has  been  more  or  less  confusion  in  dealing  with  these  forms. 
Thus  I  am  not  able  to  distinguish  what  is  called  b}^  Heer  Glyptostrdbxi^ 
europs&ua  from  the  Baltic  Miocene^  from  the  Van  Horn's  ranch  speci- 
mens, and  what  seems  to  be  the  same  species  or  something  very  close 
to  it  is  called  Taxodium  Tmajorum  Heer''  from  the  Miocene  of  Spitz- 
bergen.  The  whole  subject  of  the  Tertiar}"  conifers,  especially  of 
northern  and  arctic  lands,  is  much  in  need  of  revision,  and  pending 
this  the  form  under  discussion  may  be  referi*ed  to  Lesquereux's  Sequoia 
migustlfolia  as  t}' pified  from  Corral  Hollow,  California. 

In  the  original  description  S.  angmtlfolia  is  characterized  as  fol- 
lows:   "Leaves    short,    narrow,   linear  pointed,   erect    or    slightly 

aSee  Tert.  Fl.,  p.  77.  PI.  VII,  ngs.  6-10, 1S78.    c  MIor.  Bait.  Fl.,  PI.  Ill,  figs,  8,  9. 

h Of.  Cat  Cret.  and  Tert.  PI.  N.  A.,  p.  113.        rf  Fl.  Foss.  Arc.,  VoL  II,  Abth.  3,  PI.  IV,  figs.  6,  29,  etc. 
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appressed  all  around  the  branches,  decurring  at  base.''  This  in  the 
Tertiary  Flora  is  amended  to  read:  ^'  Branchlets  short,  slender;  leaves 
at  unequal  distances,  sometimes  very  close,  two  or  three  together,  or 
very  distant,  often  dimorphous,  linear  lanceolate,  taper  pointed,  open 
or  curved  backward,  decurrent;  middle  nerve  indistinct."  In  the 
discussion  in  the  latter  book  Lesquereux  emphasizes  the  fact  that  the 
leaves  are  '* decurrent  but  not  narrowed  at  base." 

All  things  considered  this  description  agrees  well  with  the  specimens 
from  Oregon,  but  the  material  from  Elko,  obtained  during  the  sum- 
mer of  1901  and  presumably  at  or  near  the  type  locality,  shows  a  slight 
narrowing  of  the  leaves  at  the  base  and  a  tendency  to  be  less  acute  at 
the  apex. 

Locality, — Mascall  beds,  Van  Horn's  ranch  and  vicinity,  about  12 
miles  west  of  Mount  Vernon,  Grant  County,  Oregon,  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2610),  and  by  Knowlton 
and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  9029-9033). 

Sequoia  Langsdorfii  (Brgt.)  Heer. 

Sequoia  Langsdorfii  (Brgt.)  Heer.    Lesquereux,  Proc.  U.S.  Nat.  Mus.,  Vol.  XI,  p. 

19,  1888. 
Tajcodium  distichum  miocenum  Heer.  Newberry,  Later  Extinct  Floras,  p.  22,  PI. 

XLVII,  fig.  6,  1898. 

The  collections  contain  a  number  of  examples  that  undoubtedly 
belong  to  this  species,  although  some  of  them  do  not  agree  in  all  par- 
ticulars with  ceiiAin  of  the  published  figures.  The  branchlets  are 
rather  small,  with  small  leaves,  but  the  latter  are  distinctly  decurrent, 
after  the  manner  of  S.  Langsdm^fiL 

The  Bridge  Creek  material,  which  passed  through  the  hands  of 
Newberry,  was  identified  by  him  as  Taxodium  di'^ttvhxun  mioannnn^ 
but  absolutely  similar  material  was  referred  b}^  Lesquereux  to  Seyjuola 
Langsdorfii  and  I  believe  correctly  so. 

This  species,  although  not  especially  abundant  at  any  locality  in  the 
John  Day  Basin,  is  widely  distributed,  as  may  be  seen  from  the  fol- 
lowing list  of  localities: 

Localities,  — Bridge  Creek.  Collected  by  Rev.  Thomas  Condon  (U.  S. 
Nat.  Mus.,  No.  7086),  by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus., 
Nos.  9236,  9281,  9285,  9303,  9314,  9330,  9376),  and  by  Knowlton  and 
Merriam.  One  and  one-half  miles  east  of  Clarnos  Ferry.  Collected  by 
Merriam's  expedition  of  1900  (Mus.  Univ.  Cal.,  Nos.  896,  907,  91-1.) 
One  and  one-half  miles  northeast  of  Fossil.  Collected  by  Merriam's 
expedition  of  1900  (Mus.  Univ.  Cal.,  Nos.  925,  927,  929)/  Three  and 
one-half  miles  south  of  Lone  Rock.  Collected  by  Merriam's  expedi- 
tion of  1900  (Mus.  Univ.  Cal.,  No.  1339).  Masciill  l)eds,  Van  Horn's 
ranch  and  vicinity.  Collected  by  Major  Bendire  (U.  S.  Nat.  Mus., 
No.  2607),  and  by  Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat. 
Mus.,  Nos.  8968-8960). 
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Sequoia  sp.  (Cone). 
PI.  I,  fig.  2. 

The  original  collection  contains  a  large  cone  that  was  referred  by 
Lesquereux  to  Seqima  LanxjsdorfU ^  but  it  does  not  appear  to  agree  in 
size  with  the  cones  usually  assigned  to  that  species.  This  cone  is  a 
little  more  than  2.5  cm.  in  length  and  nearly  2  cm.  thick,  and  stands 
on  a  thick  peduncle  7  mm.  long  and  nearly  3  mm.  thick.  It  has  been 
much  crushed,  and  the  shape  of  the  scales  oan  not  be  made  out  with 
certainty.  In  general  appearance,  however,  it  seems  to  belong  to 
Sequoia,  but  the  species  nmst  remain  uncertain. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  8510). 

Thuites  sp. 

PI.  I,  fig.  3. 

Branchlets  slender,  alternate,  leaves  thickish,  4-ranked,  imbricated, 
the  lateml  ones  broad-deltoid,  rather  obtuse  pointed,  others  apparently 
broader  and  more  obtuse,  obscurely  carinate  on  the  bac^k. 

The  little  fragment  figured  is  all  that  has  been  thus  far  found  in  the 
collections.  The  branchlets  appear  to  be  alternate  and  slender.  As 
nearly  as  can  be  made  out,  the  leaves  are  4-ranked  and  very  thick,  with 
obtuse  apices. 

This  form  does  not  differ  greatly  from  T,  Ehren^rxerd!  Heer^^from 
the  Miocene  of  Sachalin,  and  Spitzl)ergen. 

This  has  slender,  alternate  l>mnchlets  and  thick  4-ranked  leaves. 
They  are  more  strongly  carinate  on  the  back  than  ours,  })ut  otherwise 
there  is  no  marked  difference.  As  the  branchlets  from  Oregon  are  so 
small  and  not  very  well  preserved,  I  have  he^sitated  to  identify  them 
with  Ileer's  species,  although  they  may  all  be  the  same. 

Locality,-  Van  Horn's  ranch,  12  miles  west  of  Mount  Vernon,  Gmnt 
County,  Oregon.  Collected  by  Merriani's  expedition  of  1900  (Mus. 
Univ.Cal.,  No.  879). 

Glyptostrobus  Ungeri  Ileer. 

GLYPTosTROBrs  Ungeri  Heer.    Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  19, 

18S8. 
Sequoia  NorderufkioMii  Heer.  Lesquereux,  op.  cit.,  p.  19. 

The  collection  contains  numerous  specimens  that  are  referred  to  this 
species.  As  I  hav  e  pointed  out  on  several  occasions,  there  is  more  or 
less  confusion  regarding  the  proper  fixing  of  the  limits  of  this  species. 
It  is  apparent  that  there  is  or  has  been  a  mixing  of  this  with  what  has 

a  Fl.  F.>88.  Arot.,  Vol.  II,  p.  36,  PI.  II,  flga.  25,  26, 1870;  idem,  Vol.  V,  Abth.  4,  p.  23,  PI.  I,  figs.  12-14, 1878. 
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been  called  O.  eiiropdbxis^  Seqxioia  Couttslse^  etc. ,  but  we  have  not  a  suffi- 
cient amount  of  authentic  material  to  enable  us  to  settle  the  question. 

The  single  specimen  with  its  counterpart  (U.  S.  I^at.  Mus.,  No.  2(il()), 
referred  b}^  Lesquereux  to  Se/juom  Nordeiuskloldll^  is  undoubtedly  the 
same  as  what  is  here  called  OlypfoHtrohm  UngerL 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
(^^mnt  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  Nos.  2480,  2610)  and  by  Merriam's  expedition  of  1900  (Mus. 
Univ.  Cal.,  Nos.  863,  872-882). 

Taxodium  distichum  miocenum  Heer. 

The  collections  embrace  a  dozen  or  more  bmnchlets  that  I  am  con- 
strained to  refer  to  this  form.  They  do  not  agree  perfectly  with  cer- 
tain figures  of  this  species,  but  the  differences  are  slight,  and  they  had 
best  be  placed  here.  Unless  material  is  very  perfectly  preserved  it  is 
difficult  to  detennine  the  exact  manner  of  the  insertion  of  the  leaves, 
and  such  is  the  case  with  these  specimens. 

Locality, — Mascall  beds.  Van  Horn's  much,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2614^)  and  by  Merriam's 
expedition  of  1900  (Mus.  Univ.  Cal.,  No.  878a). 

Taxodium,  male  aments  of. 

PI.  I,  figs.  4,  6. 

In  the  material  from  the  Mascall  beds  are  two  specimens,  both  of 
which  are  here  figured,  that  appear  to  represent  the  male  aments  of 
Taxodium.  They  are  long,  slender,  and  clustered,  with  the  aments 
on  short  lateral  spurs.  They  are  hardly  to  be  distinguished  from 
the  aments  of  the  living  Ta,rodiutn  did! chum ^  and  in  all  probability 
belonged  to  71  d!^tic/nii/i  miocentwi^  which  is  not  uncommon  in  these 
beds. 

Locality, — Mascall  beds,  Van  Horn's  i^anch,  Oregon.  Larger 
specimen  (fig.  4)  collected  by  Merriam's  expedition  of  1900  (type  in 
Mus.  Univ.  Cal.,  No.  889).  Other  example  (fig.  6)  collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8551). 

Family  GRAMINE.?^:. 

Phragmites  (Eningensis  A1.  Br. 

pHRAOMiTEfl  (ENiNOENSis  Al.  Br.     Lcsquereux,  Proo.  U.  S.  Nat.  Mus.,  Vol.  XI,  p. 
19,  1888. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Ver- 
non, G:*ant  County,  Oregon,  (bllected  by  Maj.  Charles  E.  Bendire 
(U.  S.  Nat  Mus.,  No.  2530). 
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Family'CYPERACE^. 

Cyperacites  sp. 

PI.  I,  fiff.  9. 

The  collection  contains  a  single  specimen  that  appears  to  ]>e  the  leaf 
of  a  large  cyperaceous  plant.  It  is  about  1  cm.  in  width  and  has  about 
10  ribs  or  striae  through  it,  but  there  is  hardly  enough  to  afford  any 
characters  of  importance,  and  it  is  included  simply  to  show  that  this 
type  of  vegetation  was  present. 

Locality, — Mascall  beds,  Van  Hom's  ranch,  12  miles  west  of  Mount 
Vernon,  Grant  County,  Oregon.  Collected  by  Knowlton  and  Mer- 
riam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8.542). 

Family  SMILACE^]. 

Smilax  Wardii  Ixisq. 

Smilax  Wardii  Lesq.,  Proc.  IT.  S.  Nat.  Mus.,  Vol.  XI,  p.  19,  PI.  XIII,  fig.  1,  1888. 

The  type  specimen,  with  its  counteipart,  is  all  that  has  ever  been 
obtained. 

Locality, — Van  Horn's  ranch.  South  Fork  of  John  Day  River,  12 
miles  west  of  Mount  Vernon,  Oregon.  Collected  by  Maj.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  No.  2613). 

MONOCOTYLEDONOUS   PLANT. 
PI.  I,  fi^.  7,  8. 

Among  the  collections  lately  obtained  by  the  University  of 
California  I  found  two  examples  of  what  are  undoubtedly  monocoty- 
ledonous  plants,  the  nature  of  which  I  am  at  present  unable  to 
satisfactorily  describe.  They  are  shown  as  well  as  possible  in  the 
accompanying  figures. 

The  one  shown  in  tig.  7  is  about  6.5  cm.  in  length,  as  now  preserved, 
and  1.5  cm.  in  width.  It  is  bifurcate  at  apex  into  two  nearly  equal, 
acute  lobes.  It  is  provided  with  some  8  or  9  longitudinal  ribs, 
separated  by  rather  deep  channels. 

The  other,  shown  in  fig.  8,  is  rather  elliptical-lanceolate  in  shape 
and  is  apparently  acuminate  at  apex,  but  the  extreme  point  and  the 
base  are  not  preserved.  It  is  the  same  length  as  the  other,  but  is  a 
little  wider,  being  1.75  cm.  It  is  likewise  provided  with  8  or  9  ribs, 
between  which  are  numerous  finer  stria*  or  veins.  The  basal  end  is 
truncated,  as  though  it  was  a  sheathing  organ  of  some  kind. 

In  general  appearance  these  specimens,  and  especially  the  one  last 
mentioned,  are  at  least  suggestive  of  what  Lesquereux**  has  descril>ed 

«Tort.  Fl.,  p.  2S,  PI.  I,  fig>.  10,  11,  187i<. 
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as  Podozaraites  (Mongus^  from  the  Dakota  group  of  Kansas,  but  this  is 
without  the  prominent  ribs  seen  in  our  specimens.  This  resemblance 
can  hardly  be  more  than  superficial,  and  we  must  await  future  material 
before  the  status  of  these  specimens  can  be  definitely  settled. 

Locaiity, — Bridge  Creek,  Oregon.  Collected  by  Merriam's  party  of 
1900  (types  in  Mus.  Univ.  Cal.,  Nos.  2500,  2501). 

Family  SALICACE^. 
POPULUS  LiNDGRENi  Knowlton. 

PI.  II,  fig.  1. 

PoPUiiUS  LiNDGRENi  Knowlton,  Eighteenth  Ann.  Kept.  U.  8.  Geol.  Surv.,  Pt.  Ill, 
p.  725,  PI.  C,  fig.  3,  1898. 

The  collections  from  near  Van  Horn's  ranch,  made  during  the  season 
of  1901  by  Dr.  Merriam  and  myself,  contain  a  single  very  perfectly 
preserved  leaf  that  must  be  referred  to  this  species.  It  differs  slightly 
from  the  type  in  being  more  nearly  circular  in  shape,  but  in  matter  of 
size,  marginal  teeth,  and  nervation  the  two  specimens  are  identical. 

Locality. — White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality,  Grant  County,  Oregon.  Collected  by  Knowlton  and 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8512).  Type  specimen 
from  2  miles  southeast  of  Marsh  post-office,  Boise  County,  Idaho 
(U.  S.  Nat.  Mus.,  No.  8292). 

Salix  Schimperi  Lesq. 

Saux  Schimperi  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  21,  Pl.  XIII, .fig.  5,  1888. 

Locality, — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2595). 

Salix  Engelhardti  Lesq. 

Salix  ENGELHARirri  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  17,  PI.  VIII,  fig.  2, 1888. 
Oasgia  pJiaseolitefif  Ung.     Ix^juereux,  idem.,  p.  16. 

It  seems  doubtful  if  this  is  correctly  referred  to  Salix,  but  as  no  new 
material  except  a  six^cimen  to  be  mentioned  below  has  come  to  light, 
it  may  be  best  to  retain  it  as  left  by  ifcs  author. 

It  was  observed  that  the  single  example  referred  by  Lescjuereux  to 
Cassia pha^'ie(fHtos  ?  Ung.  bad  a  sermte  margin,  which  would  exclude  it 
from  this  genus,  and  a  further  comparison  convinces  me  that  it  is 
another  leaf  of  Salix  Emjelhardti.  It  is  a  small  leaf,  not  quite  so 
broad  relatively  in  the  upper  part,  but  it  has  a  base  of  the  same  shape, 
the  same  serrate  margin,  and  the  same  nervation  as  this  species,  and 
is  therefore  referred  to  it.  It  becomes  then  the  second  known  speci- 
men of  S.  Engelhardti. 
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Locality, — Van  Horn's  mnch,  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected 
by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  2455,  2589.) 

Salix  R^la^na?  Heer. 
Salix  R^iANA?  Heer.     Lesquereux,  Proo.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  17,  1888. 

It  is  extremely  doubtful  if  this  is  correctly  identified,  as  the  speci- 
men upon  which  it  is  based  is  very  poor,  but  as  no  other  example  has 
!)een  found  it  may  remain  as  above.  Little  weight  should  be  attached 
to  it,  however. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  b}'^  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2594). 

Salix  varians  G5ppert. 

8aux  varianh  Gopjx»rt.     Lesquereux,  Pr(X3.  U.  S.  Nat.  Mus.,  VoL  XI,  j).  17,  1888. 

I  regard  this  identification  as  more  or  less  doubtful.  It  is  smaller 
than  the  usual  form  of  this  species,  although  similar  in  size  and 
appearance  to  a  leaf  so  determined  by  Heer**  frohi  Alaska.  It  is  the 
only  example  found. 

Locality, — Van  Horn's  much,  about  12  miles  west  of  Mount  Vernon, 
({rant  County,  Oregon.  Collected  }>y  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2590). 

Salix  angusta  A1.  Br. 

Salix  angista  A1.  Br.     Lewjuereux,  Cret.  and  Tert.  Fl.,  \\  247,  PI.  LV,  fig.  6,  1883. 

These  are  two  narrow  leaves  that  agree  closely  with  the  smaller 
figures  given  by  Lesquereux  as  above  quoted.  The  locality  is  stated 
to  be  '^Oldtield  claim,  Oregon,''  but  I  have  been  unable  to  further 
identify  the  place.  The  type  specimen  is  preserved  in  the  paleonto- 
logical  collection  of  the  University  of  California  (No.  19(53),  and  the 
leaves  under  consideration  appear  to  l>e  the  same  as  the  leaves  from 
this  unknown  locality  in  Oregon.  It  does  not  follow,  however,  that 
they  should  be  regarded  as  identical  with  all  leaves  that  have  been 
referred  to  this  species  from  other  localities. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
(irant  County,  Oregon.  Collected  b^^  Merriam's  expedition  ot  1900 
(Mus.  Univ.  Cal.,  Nos.  85,  87.) 

Salix  amygdal^folia  Lesq. 

Salix  amyod.f.folia  Lewi-,  Cret.  and  Tert.  Fl.,  p.  \bi\  PI.  XXXI,  figH.  1,  2,  188:^ 
Proc.  U.  S.  Nat.  Mil«.,  Vol.  XI,  p.  17,  1888. 

Locality, — Van  Horn's  i'8nch,al>out  12  miles  we^tof  Mount  Vernon, 
Grant  County,  Oregon.  Collected  ])y  ilaj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2587). 


aFl.  FoKi.  Alaak.,  p.  27,  PI.  II,  %.  8,  1869. 
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Salix  pseudo-argentea  n.  sp. 

PI.  II,  figs.  2-4. 
S(^ndus  cmgustifdius  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  15,  1888. 

Leaves  of  fimi  texture,  lanceolate  or  narrowly  ovate-lanceolate  in 
nhape,  narrowed  about  equally  to  both  base  and  apex;  margin  per- 
fectly entire;  petiole  short,  rather  slender;  midrib  leather  strong; 
secondaries  numerous,  some  12  or  15  pairs,  at  an  acute  angle,  thin  and 
nearly  concealed  in  the  substance  of  the  leaf,  camptodrome;  finer 
nervation  not  preserved. 

I  refer  a  large  number  of  specimens  to  this  form,  among  them  one 
that  was  identified  by  Lesquereux  as  Sapindiis  angystifollvs.  They 
are  mainly  small,  narrow  leaves  from  4  to  6  cm.  in  length  and  from 
1  to  1.5  cm.  in  width.  The  petiole  is  5  mm.  long,  and,  as  stated 
above,  slender  for  the  size  of  the  leaf.  This  form  has  a  close  resem- 
blance to  the  living  Salix  argeiitea. 

Locality. — Mascall  beds.  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Grant  County,  Oregon.  Collected  by  Knowlton  and 
Merrtam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  8527,  8528,  8529). 

Salix  dayana  n.  sp. 
PL  II,  figs.  9, 10. 

Leaves  of  firm  texture,  ovate-lanceolate  or  elliptical -lanceolate, 
truncate  or  slightly  heart-shaped  at  base,  acuminate  at  apex;  margin 
perfectly  entire;  petiole  very  short,  stout;  midrib  thick;  secondaries, 
10  or  12  pairs,  at  an  angle  of  al)out  40'",  thin  and  obscure,  campto- 
drome, arching  and  joining  well  inside  the  margin;  finer  nervation  not 
retained. 

I  refer  three  examples  to  this  form,  two  of  which  are  here  figured. 
The  smaller  is  4.5  cm.  long  and  1.5  cm.  wide,  the  larger  5.5  cm.  long 
and  nearly  2  cm.  wide.     The  petiole  is  about  2  mm.  long. 

Locality — Mascall  beds.  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Grant  County,  Oregon.  Collected  by  Knowlton  and 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  8530,  8531). 

Salix  perplexa  n.  sp. 

PI.  II,  figs.  5-8. 

Leaves  of  firm  texture,  obovate- lanceolate  to  elliptical-lanceolate 
in  shape,  narrowed,  often  abruptly,  to  the  petiole,  rather  obtuse  at 
apex;  margin  entire;  petiole  short;  midrib  strong  below,  becoming 
'very  thin  above;  secondaries  numerous,  12  or  15  pairs,  alternate,  at  a 
low  angle,  parallel,  effaced  near  the  margin,  but  apparently  campto- 
drome; finer  nervation  obscure,  but  apparently  producing  very  fine 
areolae. 
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This  form  is  represented  by  a  dozen  or  more  examples,  among 
which  there  is  a  considerable  range  in  size.  The  smallest  leaves 
are  only  2.25  cm.  in  length  and  13  mm.  in  width,  while  the  larger 
are  nearly  5  cm.  in  length  and  1.75  cm.  in  width.  The  average  size 
is  about  3.5  cm.  in  length  and  1.75  cm.  in  width.  The  petiole  is  5 
or  6  mm.  long. 

This  species  is  certainly  similar  in  general  appearance  to  certain 
forms  of  Salix  BMiaiia^  a  species  now  widely  distributed  throughout 
the  Rocky  Mountain  area. 

Locality, — Mascall  beds,  Van  Horn's  ranch  and  vicinity,  about  12 
miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected  by 
Knowlton  and  Merriam,  July,.  1901  (U.  S.  Nat.  Mus.,  Nos.  8521,  8522, 
8523,  8524). 

Salix  mixta  n.  sp. 

PI.  II,  figgi.  11,  12. 

Leaves  coriaceous  in  texture,  ovate-lanceolate  or  ovate-elliptical  in 
shape,  slightly  unequal-sided,  subcordate  or  abruptly  rounded  at  base; 
margin  fineh' and  evenlv  serrate;  midrib  thick;  secondaries  numerous, 
rather  close,  parallel,  emerging  at  a  low,  almost  right,  angle,  c«'ving 
upward  near  the  margin,  strongly  camptodrome,  or  occasionally  with  a 
secondary  passing  to  the  margin;  when  camptodrome  arching  well 
inside  the  margin  with  fine  nerville^  passing  to  the  teeth;  nervilles 
numerous,  mainly  broken,  at  an  oblique  angle;  finer  nervation  form- 
ing a  very  regular  fine  mesh. 

This  form  is  represented  by  about  a  dozen  examples,  many  of  which 
are  quite  perfect.  The  longest  appear  to  have  been  about  8  cm.  in 
length  and  the  smallest  about  4  cm.  The  width  is  about  2  cm.  The 
petiole  is  not  preserved  in  any  case.  The  margin  is  uniformly  serrate. 
The  secondaries  are  numerous,  emerging  nearly  at  a  right  angle  on 
one  side  of  the  leaf  and  an  angle  of  20^  or  30^  on  the  other,  all  pass- 
ing in  the  upper  portion  to  an  angle  of  about  45^.  They  are  mainly 
camptodrome,  but  occasionally  one  passes  directly  to  the  margin. 

These  leaves  undoubtedly  belong  to  Salix  and  are  so  close  to  certain 
described  forms  that  it  is  difficult  to  determine  whether  or  not  they 
should  be  regarded  as  new. 

Locality, — Mascall  beds,  Van  Horn's  much  and  vicinity,  about  12 
miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  8525,  8526). 

Salix  sp.  ?  Knowlton. 

PI.  Ill,  %.  1. 

Salix  sp.,   Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  303.     1901. 

A  fragment  that  appears  to  belong  to  Salix.  It  is  not  sufficient  to 
settle  its  identity. 

Locality, — Three  and  one-half  miles  south  of  Lone  Rock.  Collected 
by  Merriam's  expedition  of  1900  (Mus.  Univ.  Cal.,  No.  1343). 
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Family  MYRICACE^. 
Myrica  oreooniana  n.  sp. 

PI.  Ill,  fig.  4. 

Leaf  coriaceous,  ovate-lanceolate,  very  unequal-sided  at  base,  acumi- 
nate at  apex;  margin  coarsely  toothed,  the  teeth  upward  pointing, 
rather  obtuse;  petiole  short,  very  strong;  midrib  strong,  perfectly 
straight;  secondaries,  some  10  or  12  pairs,  thin,  arising  at  an  angle  of 
about  45*^,  straight,  ending  in  the  teeth;  finer  nervation  obscure. 

The  very  perfect  example  figured,  with  its  counterpart,  is  all  thus 
far  detected  of  this  form.  It  is  rather  broadly  ovate-lanceolate  in 
shape,  cordate  on  one  side  at  base  and  very  oblique  on  the  other  side. 
The  apex  is  acuminate.  The  length  Ls  3.5  cm.  exclusive  of  the  petiole, 
which  is  3  mm.  long,  and  the  width  is  1.4  cm.  The  margin  is  very 
coarsely  toothed. 

This  species  is  nearest  to  Myrica  calliconisefolia  Lesq.,*  found 
abundantly  at  Elko  station,  Nevada,  and  Florissant,  Colorado.  It 
differs,  however,  in  being  relatively  much  shorter  and  broader,  and 
in  having  much  larger  teeth,  which  are  obtuse  rather  than  flat  and 
acute.     The  petiole  is  also  relatively  shorter  and  thicker. 

Locality, — White  hill,  one-half  mile  east  of  original  Van  Horn's 
ranch  locality.  Collected  by  Knowlton  and  Merriam,  July,  1901 
(U.  S.  Nat.  Mus.,  No.  8532). 

Myrica?  person ata  n.  sp. 

PI.  Ill,  fig.  2. 

Myrica  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  290,  1901. 

Leaf  membranaceous,  narrowly  lanceolate  in  shape,  wedge-shaped 
at  base  and  apparently  acuminate  at  apex;  margin  coarsely  and  sharply 
serrate;  midrib  very  thick,  straight;  secondaries  numerous,  about  16 
or  18  pairs,  alternate,  emerging  at  a  low  to  nearly  an  angle  of  45"^  in 
the  upper  portion  of  the  blade,  somewhat  cui'ving  upward  and  ending 
in  the  teeth,  occasionally  forking  before  passing  to  the  teeth;  nerville^ 
strong,  percurrent,  at  right  angles  to  the  secondaries;  finer  nervation 
producing  rectangular  areas. 

The  example  figured  unfortunately  lacks  portions  of  both  base  and 
apex,  but  it  is  the  only  fragment  thus  far  obtained.  It  was  apparently 
about  8  or  9  cm.  long  and  is  exactly  2  cm.  wide.  It  appears  wholly 
unlike  anything  previously  described  from  this  area. 

Locality. — One-half  mile  northeast  of  Fossil,  Gilliam  County, 
Oregon.  Collected  by  Merriam's  party  of  19()0  (type  No.  924  in  Mus. 
Univ.  Cal.). 

aCret.  and  Tert.  Fl..  p.  146,  PI.  XXVI.  figs.  5-14. 

Bull.  204—02 3 
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Family  JUGLANDACE^. 

JUGLANS  RUG08A   Lesq. 

JtJGLANS  RU008A  Lesq.,  Proc.  U.  8.  Nat.  Mu8.,  Vol.  XI,  p.  22,  1888. 

Represented  by  two  fragments  that  are  more  or  less  obscure  and 
doubtful.  There  is  also  a  single  fragment  obtained  by  the  expedition 
of  the  University  of  California  of  1900. 

Locality.— Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2489)  and  by  Merriam's 
party  of  1900  (Mus.  Univ.  Cal.,  No.  188)> 

JuGLANS  ?  Bendirei  n.  sp. 
PI.  Ill,  fig.  3. 
Ilexf  Umffifolia  Heer.  Leequereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  21,  1888. 

Leaflet  coriaceous  in  texture,  lanceolate,  apparently  wedge-shaped  at 
base  and  acuminate  at  apex;  margin  irregularly  and  rather  obscurely 
toothed;  midrib  very  thick,  straight;  secondaries  numerous,  rather 
close,  about  20  pairs,  alternate,  at  an  angle  of  about  45^,  somewhat 
arching  upward,  camptodrome,  arching  near  the  margin  and  each 
joining  the  one  next  above  by  a  thin  branch,  with  their  nervilles  on 
the  outside  passing  to  the  marginal  teeth;  nervilles  numerous,  percur- 
rent,  at  right  angles  to  the  secondaries;  finer  nervation  producing  a 
close  areolation. 

This  particular  specimen,  as  noted  above,  was  referred  to  Ilex  longi- 
folia  Heer,  a  species  from  the  Miocene  of  Piedmont,  but  a  com- 
parison with  the  figure  given  by  Heer  shows  that  it  is  undoubtedly 
different.  The  original  seems  to  have  been  a  much  shorter  leaf,  and 
while  the  Oregon  specimen  resembles  it  in  a  general  way,  there  are 
important  differences.  The  teeth  are  different,  the  secondaries  more 
numerous,  and  the  finer  nervation  is  of  a  totally  different  character. 

The  question  of  the  proper  generic  reference  of  this  leaf  or  leaflet 
is  an  open  one.  It  is  not  greatly  unlike  things  that  have  been  vari- 
ously referred  to  Ilex,  Quercus,  and  Juglans,  but  on  the  whole  seems 
to  have  closest  relationship  with  the  latter.  It  will,  however,  need 
more  and  better  material  to  settle  the  matter  definitely. 

Locality,— Cherry  Creek,  Crook  County,  Oregon.  Collected  bj'^ 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8545,  on  same  stone 
with  2424). 

Juglans  Schimperi?  Lesq. 

Juglans  Schimperi  Lesq.,  Tert.  FL,  p.  287,  PI.  LVI,  figs.  5-10,  1878. 

A  single  example  that  seems  to  be  identical  with  this  species,  yet  as 
the  specimen  is  broken  and  is  the  only  one,  I  have  preferred  to  ques- 
tion it. 

Locality. — Bridge  Oeek,  Grant  County,  Oregon.  Collected  by 
Merriam's  expedition  of  1900  (Mus.  Univ.  Cal.,  No.  196). 
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JUGLANS  ACUMINATA?   Al.   Br. 
PI.  Ill,  fig.  5. 
JuoLANB  ACUMINATA?  Al.  Br.,  Neues  Jahrb.,  1846,  p.  170. 

The  Bendire  collection  contains  a  single  example  that  was  referred 
by  Lesquereux  to  this  species.  It  does  resemble  this,  but  may  not  be 
the  same. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  3006). 

JUGLANS  CRYPTATA   n.  Sp. 

PI.  VI,  figs.  4,  6. 

Leaflets  membranaceous,  broadly  lanceolate,  narrowed  and  unequal - 
sided  at  base,  apparantly  acuminate  at  apex;  margin  denticulate 
throughout,  the  teeth  short,  rather  blunt;  midrib  very  thick;  second- 
aries numerous,  15  or  more  pairs,  thin,  alternate,  close  below,  more 
remote  above,  mostly  camptodrome  and  sending  fine  branches  from 
the  outside  to  the  teeth;  nervilles  mainly  percurrent  and  at  right 
angles  to  the  secondaries. 

This  form  is  represented  by  three  leaflets,  none  of  which  is  quite 
perfect.  The  largest,  which  is  not  figured,  was  probably  about  14  cm. 
long  and  is  5  cm.  wide  at  a  point  evidently  some  distance  above  the 
middle.  The  one  next  in  size,  shown  in  fig.  4,  was  13.5  cm.  long  and 
is  3.5  cm.  wide.  The  smallest  one,  shown  in  fig.  5,  is  about  10  cm. 
long  and  a  little  more  than  2.5  cm.  in  width.  Neither  base  nor  apex 
is  preserved  in  any  case. 

This  species  appears  to  find  its  greatest  aflSnity  with  Juglcms  Crossii 
Knowlton,^  from  Green  River,  Wyoming,  and  other  localities.  The 
leaflets,  however,  are  smaller,  relatively  narrower,  less  unequal-sided, 
and  are  toothed  on  both  sides. 

Locality. — Bridge  Creek,  Oregon.  Collected  by  Merriam's  expe- 
dition in  1900.    Types  in  Mus.  Univ.  Cal.,  Nos.  2502,  2503. 

JUGLANS,  nut  of. 

This  is  clearly  a  nut  of  Juglans,  but  the  specimen  is  not  well  enough 
preserved  to  permit  of  specific  determination.  Lesquereux,  through 
whose  hands  this  specimen  once  passed,  was  inclined  to  identify  it 
doubtfully  with  J.  t/roglodyta/tmn  Heer,*  but  it  seems  best  not  to  ven- 
ture giving  it  a  name. at  present. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8492). 

a  Cat.  Cret.  and  Tert.  PI.  N.  A.,  p.  122, 1888. 

bn.  Tert.  Helv.,  Vol.  Ill,  p.  92,  PI.  CXXVn,  flg.  46,  1859. 
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JUGLANS  CRA8SIFOLL4  11.  sp. 

PI.  IV,  fig.  3. 

Juglans  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  303, 1901. 

Leaflets  thick  in  texture,  lanceolate-acuminate  in  shape,  rather 
abruptly  narrowed  at  base;  margin  perfectly  entire;  midrib  thick, 
rather  strong;  secondaries  9  to  12  pairs,  strong,  mainly  alternate,  at 
an  angle  of  about  45^,  much  curving  upward,  campto<kome,  passing 
near  the  margin  and  often  joining  the  one  next  above;  finer  nervation 
nearly  or  quite  obsolete. 

This  species  is  represented  by  a  large  number  of  leaflets,  all  more 
or  less  broken,  preserved  in  a  tangled  mass  on  two  or  three  pieces  of 
matrix.  The  length  is  from  9  to  11  cm.  and  the  width  about  2.5  cm., 
with  occasionally  one  somewhat  smaller. 

The  affinity  of  this  species  is  undoubtedly  with  certain  of  the  forms 
of  J,  Schimperi  Lesq.,^  of  the  Green  River  group,  being  of  the  same 
size  and  shape  as  the  figures  quoted  above,  but  different  in  having  a 
less  number  of  secondaries  and  a  distinct  finer  nervation.  These 
species  are  closely  related  and  a  larger  series  might  show  them  to  be 
identical. 

Locality. — Three  and  one-half  miles  south  of  Lone  Rock,  Gilliam 
County,  Oregon.  Collected  by  Merriam's  expedition  of  1900  (Mus. 
Univ.  Cal.,  Nos.  1326-1331). 

Juglans  oregoniana  Lesq. 

JuGLANH  OREGONIANA  Lesq.,  FosH.  PI.  Aurif.  Gravel,  p.  .'^5,  PL  IX,  fig.  10,  1878. 
Rhm  Bmdlrei  Lesq.,  Proc.  i:.  8.  Nat.  Mue.,  Vol.  XI,  p.  15,  1888.     (The  small  leaflet 

described.) 
Juglans  hesperia  Knowlton,  Eighteenth  Ann.  Kept.  U.  S.  Cieol.  Survey,  Pt.  Ill,  p.  723, 

PI.  XCIX,  fig.  8,  1898. 

This  species  was  described  by  Lesquereux  in  his  Flora  of  the  Aurif- 
erous Gravels.  As  to  the  locality  whence  the  type  specimen  came  he 
sa^^s:  ''On  soft  laminated  clay  with  Aralia  Whitiieyi^  evidently  of  the 
same  age  as  the  Chalk  Bluffs  of  California,  without  definite  locality 
but  Oregon."  From  these  remarks  it  has  been  assumed  that  the  speci- 
men actually  was  from  the  Auriferous  gravels,  and  that  the  label  on  it 
was  wrong.  Fortunately  this  type  is  preserved  in  the  paleontological 
collection  of  the  Universit^^  of  California  (No.  1798),  where  I  recently 
had  opportunity  of  seeing  it.  It  was  at  once  seen  that  it  was  on  the 
characteristic  matrix  of  the  Van  Horn's  ranch  locality,  and  indeed  the 
obscure  labeling  on  the  back  of  the  specimen  so  indicates. 

In  both  the  older  and  more  recent  collections  from  Van  Horn's 
ranch  and  vicinity  I  find  a  luunber  of  specimens,  which  I  refer  with 

aTert.  Fl.,  p.  287,  PI.  LVI,  fig.  6,  1878. 
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little  hesitation  to  J^tglana  f/regoniava.  Most  of  them  are  smaller  than 
the  type,  being  often  only  7  cm.  long  and  2.5  cm.  wide,  although  occa- 
sionally there  is  one  that  approaches  it  in  size.  In  shape,  marginal 
teeth,  and  nervation  they  are  practically  identical. 

In  1888  Lesquereux^  established  his  Rhus  Bendirei  on  two  speci- 
mens, one  of  which  is  figured  and  is  to  be  taken  as  the  type  of  the 
species.  Regarding  the  other  he  says:  ''To  these  I  refer  a  small 
oblong-lanceolate  leaflet,  rounded  in  narrowing  rapidly  to  the  point  of 
attachment,  very  short  petioled,  with  small  teeth  and  areolation  iden- 
tical." This  specimen  (U.  S.  Nat.  Mus.,  No.  2582)  is  identical  with 
certain  of  the  smaller  leaflets  of  JuglanB  oregonicma^  and  is  referred 
to  it. 

In  my  paper  on  the  plants  of  the  Payette  formation  of  Idaho  I 
ventured  to  describe,*  under  the  name  of  Juglans  hespei'ia^  a  fine,  large 
leaflet.  Attention  was  called  at  the  time  to  the  fact  that  it  was  very 
close  to,  if  not  identical  with,  Juglans  oregoniana.  Since  that  time  I 
have  again  gone  over  the  Payette  material  and  have  decided  that  the 
differences  are  not  suflScient  to  warrant  keeping  them  separate. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount 
Vernon,  Grant  County,  Oregon.  Type  in  Mus.  Univ.  Cal.  collected 
by  C.  D.  Voy.  Obtained  by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus., 
No.  2582),  Merriam's  expedition  of  1900  (Mus.  Univ.  Cal.,  No.  891), 
and  by  Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  9049, 
9050,  9054).  One  mile  northeast  of  Belshaw's  ranch.  Collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  9043-9048). 
Two  miles  southeast  of  Marsh  post-oflSce,  Boise  County,  Idaho  (U.  S. 
Nat.  Mus.,  No.  8290). 

HlCORIA^    OREGONIANA   n.  Sp. 

PL  V,  fig8.  3,  4. 

HicoRiA  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  289,  1901. 

Leaflets  subcoriaceous  in  texture,  ovate-lanceolate,  obtusely  wedge- 
shaped  and  slightly  unequal-sided  at  base,  acuminate  at  apex;  margin 
finely  serrate,  the  teeth  short,  sharp;  midrib  thin,  straight;  secondaries 
numerous,  about  fifteen  pairs,  alternate  and  at  somewhat  irregular  dis- 
tances, thin,  arising  at  various  angles  (45^zfc)  and  considerably  arching 
upward,  craspedodrome,  ending  in  the  marginal  teeth;  nervilles  num- 
erous, thin,  percurrent,  about  at  right  angles  to  the  secondaries;  finer 
nervation  perfect,  forming  a  fine,  irregular  network. 

This  is  represented  at  present  by  two  examples.  One  is  13  cm.  long 
and  0  cm.  wide,  and  the  other  is  12  cm.  long  and  5  cm.  wide. 

uVtov.  V.  S.  Nat.  Mus.,  Vol.  XI.  p.  15.  PI.  IX.  fiif.  2. 

^KlKhtwnlh  Ann.  Kept.  V.  S.  Geol.  Survey.  Pt.  Ill,  p.  ?23,  IM.  XCIX,  tig-  «.  1«98. 
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LiHxiUty. — Cherry  Creek,  Crook  County,  Oregon,  collected  by  Mer- 
riam's  expedition  in  1900  (type  in  Mus.  Univ.  Cal.,  No.  172.  Addi- 
tional specimen,  No.  190). 

Hicx)RiA  sp? 

PL  V,  %.  2. 

The  single  fragment  figured  is  all  that  was  found  of  this  form. 
Lesquereux  would  call  it  Hicoria  {Carya)  dd&iimdes  (Ung.)  Knowlton, 
but  it  seems  too  small  a  fragment  on  which  to  base  a  specific  deter- 
mination. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2978). 

Hicoria  EKfiNOiDES  (linger)  Knowlton. 

Hicoria  kl^noides  (Unger)  Knowlton,  Cat.  Cret  and  Tert.  PI.  N.  A.,  p.  117,  1898. 
Carya  eLvnoides  (Unger)  Heer.     Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  18, 
1888. 

A  single  example  that  may  be  this  species.  It  is  oblong  in  shape, 
2.25  cm.  in  long,  and  1.5  cm.  in  short,  diameter. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Ver- 
non, Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire 
(U.  S.  Nat.  Mus.,  No.  2446). 

Family  BETULACEiE. 

Carpinus  betuloides  Unger. 

Carpinus  betuloides  Unger. 

Locality. — Bridge  Creek,  Oregon.  Collected  by  Maj.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  No.  8487). 

Carpinus  grandis?  Unger. 

Carpinus  grandis  Unger.     Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  18,  1888. 
Carpinus  pyramidalis  (Gopp. )  Heer.  Lesquereux,  idem,  p.  18,  1888. 

The  collection  contains  two  specimens  that  are  referred  as  above  by 
Lesquereux,  but  they  are  mther  obscure,  one  being  without  margin, 
and  I  have  hesitated  to  recognize  these  species.  They  agree  fairly 
well  with  C.  grandis  and  may  stand  under  this  species  until  further 
material  can  be  obtained. 

Locality. — Mascall  beds,  Van  Horn's  ranch,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  2439,  2440). 

CoRYLUs  MacQuarrii  (Forbcs)  Heer. 

CoRYLUS  MacQuarrii  (Forbes)  Heer,  Urwelt  d.  Schweitz,  p.  321,  1865;  Fl.  Fobs. 
Alask.,  PI.  IV,  figs.  1-8,  1869;  Newberry,  Later  Extinct  Florae,  PI.  XLVIII, 
fig.  4,  1898. 

Among  the  large  amount  of  material  from  Bridge  Creek,  I  have  seen 
but  two  imperfect  examples  that  should  l)e  referred  to  this  species. 
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One  of  these  was  figured  by  Newberry  in  his  Later  Extinct  rioitw 
(PI.  XLVIII,  fig.  4)  and  the  original  is  preserved  in  the  United  States 
National  Museum  (No.  7076),  but  no  mention  is  made  of  the  fact  in 
the  body  of  that  work,  although  this  information  is  given  on  the  back 
of  the  specimen  itself. 

The  other  example  was  detected  among  the  recent  collections  made 
by  the  University  of  California  and  is  in  its  museum.  Both  of  these 
specimens  agree  perfectly  with  the  figures  of  this  species  given  by 
Heer  in  his  Flora  Fossilis  Alaskana  (PI.  IV).  There  can  be  no  ques- 
tion of  their  identity. 

Locality. — Bridge  Creek,  Oregon.  Collected  by  Rev.  Thomas  Con- 
don (U.  S.  Nat.  Mus.,  No.  7076)  and  by  V.  C.  Osmont  (Mus.  Univ.  Cal., 
No.  2504). 

Betula  heteromorpha  n.  sp. 

PI.  Ill,  figs.  6,  7;  PL  V,  fig.  1. 

Poptdtis  polymorpha  Newb.,  in  part,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  506,  1883; 
Later  Extinct  Floras,  p.  50,  PI.  XLVI,  fig,  3;  PI.  XLVII,  figs.  4,  8;  PI.  XLIX, 
fig.  4,  1898  (not  other  figures). 

Leaves  of  firm  or  subcoriaceous  texture,  ovate,  elliptical,  or  very 
slightly  elliptical-obovate  in  general  outline,  from  very  obtusely  wedge- 
shaped  to  truncate  or  obscurely  heart-shaped,  and  often  unequal- 
sided  base,  obtusely  acuminate  at  apex;  petiole  usually  strong, 
one-half  or  less  the  length  of  the  blade;  margin  usually  coai*sely  and 
unequally  dentate  or  sometimes  doubly  dentate^  the  teeth  mainly 
obtuse,  occasionally  acute;  midrib  rather  thick,  especially  in  the  lower 
part  of  the  blade;  secondaries  7  to  9  pairs,  usually  strong,  the  two  or 
three  lower  pairs  close  together  and  at  a  lower  angle  than  the  others; 
upper  ones  at  an  angle  of  about  45°,  often  spreading  and  slightly 
curved  downward,  all  craspedodrome  and  ending  in  the  large  teeth, 
and  often  with  several  branches  on  the  lower  side  which  pass  to 
smaller  teeth;  nervilles  numerous  and  strong,  both  percurrent  and 
broken,  approximately  at  right  angles  to  the  secondaries;  finer  nerva- 
tion producing  an  irregular  areolation. 

This  form  is  the  most  abundant  one  in  the  collections  and  is  repre- 
sented by  hundreds  of  examples.  They  are  in  general  small  leaves, 
ranging  in  length  from  4.5  to  7  cm.,  and  average  length  being  about 
5  cm.  In  width  they  range  from  2.5  to  5  cm.,  the  average  being  per- 
haps a  little  more  than  3  cm.  Only  occasionally  is  one  noted  that  is  a 
little  smaller  than  the  above  dimensions  (cf .  Newberry,  Later  Extinct 
Floras,  PI.  XLIX,  fig.  4).  The  variation  in  shape,  margin,  etc.,  is 
well  shown  in  the  figures  quoted  and  in  the  examples  here  figured. 

It  is  with  much  hesitation  that  I  venture  to  found  this  species;  not, 
indeed,  from  lack  of  suflScient  material,  but  rather  from  embari-ass- 
ment  of  riches.  Lesquereux,  through  whose  hands  much  of  this 
material  has  passed,  would  separate  them  not  only  into  many  species 
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but  into  several  genem  (Quercus,  Alnu8,  Betula,  Carpinus,  etc.),  while 
Newberry,  judging  from  what  he  actually  did,  would  combine  them 
all  under  his  Popvhis polyrnm'pha.  I  can  not  believe  that  they  belong 
to  Populus.  The  only  living  species  with  which  it  is  reasonable  to 
compare  them  is  Populus  alba^  which  has,  it  is  true,  very  variable 
leaves,  but  they  seem  of  a  different  type  and  generically  unlike  the 
ones  under  consideration.  I  have,  therefore,  broken  up  Newberry's 
Populus  polyinorpha^  placing  certain  of  them  under  this  form.  If 
Newberry's  elastic  species  was  maintained  it  would  be  polymorphous 
enough  to  include  them  all,  but  I  do  not  think  it  will  adequately  rep- 
resent the  facts  to  do  so. 

In  regard  to  Lesquereux's  point  of  view,  it  may  be  said  that  if 
extreme  examples  were  selected  it  might  seem  logical  to  call  them 
species,  but  when  the  whole  are  grouped  together  it  is  found  absolutely 
impossible  to  draw  any  satisfactory  line  between  them.  Take,  for 
example,  the  question  of  shape.  The  narrowest  possible  form  may 
be  unlike  the  broadest  form,  yet  every  step  between  them  can  be  found. 
So,  also,  from  the  specimens  with  a  wedge-shaped  base  to  those  with  a 
a  truncate  base,  and  still  farther  to  those  with  a  markedly  inequil- 
ateral base,  there  are  gradual  steps.  In  the  matter  of  nervation,  how- 
ever, there  are  onl}^  comparativelyslight  differences,  yet  even  here  the 
variations  are  all  connected. 

The  form  most  nearly  related  to  this  is  B,  heterodonta  Newb.,  from 
which  it  is  sometimes  almost  impossible  to  separate  it.  In  general, 
the  latter  species  has  much  larger  leaves,  with  coarser  toothed  margins 
and  a  more  markedly  inaequilateral  base.  Yet  these  differences  come 
so  near  breaking  down  that  it  is  sometimes  difficult  to  say  where  a 
particular  specimen  shall  go. 

Locality. — Bridge  Creek,  Oregon.  Found  abundantly  in  all  collec- 
tions (U.  S.  Nat.  Mus.,  Nos.  8481,  8482). 

Betula  heteroix)nta  Newb. 

Betula  heterodonta  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  508,  1883;  Later 
Extinct  Florae,  p.  64,  PI.  XLVI,  figs.  \-A\  PI.  XLV,  figs.  1,  6,  1898. 

As  stated  under  the  preceding  species,  it  is  almost  impossible  to  dis- 
tinguish certain  of  the  forms  of  this  species  from  that. 

Locality, — Bridge  Creek,  Oregon.  Collected  by  Rev.  Thomas  Con- 
don (U.  S.  Nat.  Mus.,  No.  7071)  and  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  8483). 

Betula  Bendirei  n.  sp. 

PI.  IV,  fig.  2. 

Loaf  membranaceous  in  texture,  nearly  circular  in  outline,  abruptly 
rounded  below  to  a  nearly  truncate  base,  rounded  similarly  above  to 
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a  very  »hort  obtusely  acuminate  apex;  margin  mther  coarsely  toothed, 
most  of  the  teeth,  but  especially  those  on  the  lower  half  of  the  blade, 
with  several  smaller  teeth ;  midrib  rather  thick,  straight;  secondaries 
about  9  pairs,  opposite  below,  becoming  subopposite  above,  the  two 
lower  pairs  emerging  at  an  angle  of  about  20^,  others  about  45^,  all 
craspedodrome  and  ending  in  the  large  teeth,  often  with  one  or  two 
branches  on  the  lower  side,  which  pass  to  smaller  teeth;  nervilles  thin, 
mainly  percurrent  and  oblique  to  the  secondaries;  finer  nervation  pro- 
ducing a  minute  network. 

I  have  ventured  to  describe  this  species  on  the  single  example 
figured.  It  is  a  little  more  than  4.5  cm.  in  length  and  is  4  cm.  in  width. 
As  may  be  seen,  it  is  a  very  perfect  and  symmetrical  leaf,  nearly  cir- 
cular in  outline,  with  rather  coarsel}',  doubly  dentate  margins. 

Among  living  forms  this  is  perhaps  closest  to  Betul<t  occidental !s 
Hooker,  which  is  now  found  in  the  same  geneml  region.  It  has  the 
same  shape  and  nervation,  but  differs  slightly  in  the  marginal  denta- 
tion. It  is  also  quite  similar,  except  as  regards  the  margin,  to  certain 
forms  of  B,  papyrifera  Marshall. 

Among  fossil  forms  it  has  a  number  of  evident  affinities.  From 
B.  heteromorpha  it  differs  in  being  nearly  circular  in  shape,  with  an 
equal  base  and  regularly  spaced  secondaries. 

Locality, — Bridge  Creek,  Oregon.  Collected  by  Maj.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  No.  8485). 

Betula  angustifolia  Newb. 

Betula  angustifolia  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  508;  Later  Extinct 
Floras,  p.  63,  PI.  XLVI,  fig.  5;  PI.  XLVII,  fig.  5,  1898. 

A  large  number  of  leaves  of  this  species  are  present  in  every  col- 
lection from  this  locality. 

Locality. — Bridge  Creek,  Oregon.  Collected  by  Rev.  Thomas  Con- 
don (Types,  U.  S.  Nat.  Mus.,  Nos.  7074,  7076). 

Betula?  dayana,  n.  sp. 

PI.  IV,  fig.  4. 

Leaf  small,  membranaceous,  ovate-cordate,  obtuse  at  apex;  margin 
very  coarsely  toothed;  midrib  thin;  secondaries  thm  and  obscure, 
about  four  pairs,  alternate,  ending  in  the  larger  teeth;  finer  nervation 
producing  a  very  fine  network. 

A  single  leaf  only.     The  length  is  2  cm.  and  the  width  1.5  cm. 

Locality, — Mascall  beds,  Van  Horn's  ranch,  Oregon,  about  12  miles 
west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected  by  Knowl- 
ton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8536). 
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Alnus  carpinoides  Ijesq. 

Alnus  carpinoides  Lesq.,  Cret.  and  Tert.  Fl.,  p.  243,  PI.  L,  fig.  11;  PI.  LI,  figs.  4,  4*, 
5,  1883. 

All  collections  from  Bridge  Creek  contain  a  large  number  of  leaves 
of  this  species,  which  has  been  well  described  and  figured  by  Lesquereux. 

Locality. — Bridge  Creek  (types  in  Mus.  Univ.  Cat.,  No.  1769,  figs. 
4,  4*;  1764,  fig.  5).  One  and  one-half  miles  east  of  Clarnoy  Ferry. 
Collected  by  Merriam's  expedition  of  1900  (Mus.  Univ.  Cal.,  Nos.  931.) 
One-half  mile  northeast  of  Fossil.  Collected  by  Merriam's  expedition 
of  1900  (Mus.  Univ.  Cal,  Nos.  923,  928). 

Alnus  serruij^ta  fossilis  Newb. 

Alnus  serrulata  fossilis  Newb.,  Later  Extinct  Floras,  p.  66,  PI.  XLVI,  fig.  6, 1898. 

The  example  figured  by  Newberry  as  the  type  is  the  only  one  that 
has  thus  far  been  found,  with  the  exception  of  a  single  somewhat  doubt- 
ful example  obtained  by  the  University  of  California. 

Loeality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7091). 

Alnus  macrodonta,  n.  sp. 
PI.  IV,  fig.  1. 

Leaf  of  firm  texture,  ovate-cordate  in  shape,  abruptly  rounded  be- 
low to  a  heart-shaped  base  and  narrowed  above  to  an  apparently 
obtusely  acuminate  apex;  margin  coarsely  and  irregularly  dentate, 
the  teeth  all  obtuse;  midrib  thick,  especially  in  the  lower  half  of  the 
blade;  secondaries  about  9  pairs,  the  two  lower  pairs  sub-opposite  and 
at  a  right  angle,  other  secondaries  at  varying  angles  and  distances, 
all  more  or  less  curving  upward,  craspedodrome  and  often  with  several 
branches  in  the  lower  side,  which  pass  to  marginal  teeth;  nervilles 
numerous  and  prominent,  usually  percurrent  and  rather  oblique  to  the 
secondaries;  finer  nervation  producing  a  copious,  irregularly  quadran- 
gular network. 

This  species  is  based  on  the  single  example  figured.  It  lacks,  as 
may  be  seen,  a  considerable  portion  of  one  side  and  all  of  the  apex. 
It  is  broadly  ovate,  with  abruptly  truncate,  heart-shaped  base  and 
coarsely  dentate  margin.  The  length  was  about  7  cm.  and  the  width 
about  6.6  cm. 

ZoctfZiVy.  — Bridge  Creek,  Oregon.  Collected  by  Maj.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  No.  8551). 

Alnus  sp?,  fruit  of,  Newb. 

Alnus  sp?,  fruit  of,  Newb.,  Later  Extinct  Floras,  p.  67,  Pi.  XLVI,  fig.  7, 189S. 
Locality, — Bridge   Creek,   Grant  County,  Oregon.     Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7093). 
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Alnus  Kefersteinii?  (G6pp.)  linger. 

Alnus  Kefersteinii  (Gopp.)  Unger.  Lesquereux,  Prm^  U.  S.  Nat.  Mus.,  Vol.  XI, 
p.  18,  1888. 

A  single  example  having  no  poi*tion  of  the  margin  preserved.  It  is 
referred  with  hesitation  to  this  species. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2419). 

Family  FAGACE.E. 

Fagus?  sp. 

Fagith  CAOTANEiKFOLiA  Ungcr.  I.«8quereux,  Proc.  IT.  S.  Nat.  Mus.,  Vol.  XI,  p.  18, 1888. 

This  determination  was  based  on  a  single  fragment  of  the  lower  por- 
tion of  a  leaf.  It  is  doubtful  even  whether  it  belongs  to  Fagus,  and 
can  have  no  value  in  fixing  the  age  of  or  affording  a  stratigraphic 
mark  for  these  beds. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2466). 

QUERCUS   FURCINERVI8  AMERICANA   Knowlton. 

QusBcus  FUBCINKRVI8  AMERICANA  Knowltoii,  Cat  Cret  and  Tert.  PL  N.  A.,  p.  192, 

1898. 
Q:uuercu9  furcinrrvig  (RosBm.)   Ung.  Lesquereux,  Proc.   U.  S.  Nat.   Mus.,  Vol.   XI, 

p.  22,  1888. 

This  is  not  the  European  form,  and  is  best  indicated  by  the  varietal 
name  given  above.  This  determination  is  based  solely  on  a  part 
of  the  middle  portion  of  a  single  leaf,  which  is  very  similar  indeed 
to  Castanea  ptdchdla  Knowlton^  from  Lower  Miocene  beds  in  the 
Yellowstone  National  Park. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2554). 

QUERCUS?    sp. 
PI.  VIII,  fig.  4. 

Leaf  very  thick,  narrowly  obovate,  obtusely  wedge-shaped  at  base 
(apex  destroyed);  margin  entire  below,  probabl}'  toothed  above; 
midrib  very  thick,  especially  below,  secondaries  also  strong,  6  or  7 
pairs,  alternate  at  an  angle  of  about  45^,  a  pair  near  the  middle  of  the 
blade  largest,  with  strong  outside  branches,  probably  ending  in  lobes 
or  teeth;  nervilles  very  strong  and  deeply  impressed,  both  broken  and 
percurrent;  finer  venation  producing  large  areas. 

«  Mon  V.  S  Geol  Survey,  Vol.  XXXII.  Pt.  II.  p.  702.  PI.  LXXXVll.  Hg.  I. 
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A  .single  broken  specimen  is  all  that  I  now  refer  to  this  form.  It 
was  clearly  a  large  thick  leaf,  with  prominent  deeply  impressed  ner- 
vation. It  is  entire  in  the  lower  portion,  but  from  the  size  and 
disposition  of  the  secondaries  in  the  middle  of  the  blade  it  was  appar- 
ently lobed  or  toothed  above.  Its  length  was  about  12  cm.  and  the 
width  about  6.5  cm.     It  is  doubtfully  referred  to  Quercus. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8555). 

Quercus  paucidentata  Newb. 

Quercus  paucidentata  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  505,  1883;  Later 
Extinct  Floras,  p.  76,  PI.  XLIII,  fig.  1,  1898. 

It  is  with  some  misgiving  that  this  species  is  permitted  to  stand.  It 
is  based,  as  Newberry  says,  on  a  single  example,  the  only  one  ever 
found.  It  is  in  all  probability  a  large  leaf  of  Q.  affinl^^  but  rather 
than  complicate  matters  by  combining  forms  without  sufficient  material 
I  have  preferred  to  keep  it  distinct. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by  Rev. 
Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7059). 

Quercus  drymeja  Unger. 

Quercus  drymeja  Unger.  Lesquereux,  Cret.  and  Tert.  FL,  p.  245.  PI.  LIV,  fig.  4, 
1883. 

Lesquereux  has  figured  a  single  leaf  of  this  fonA,  and  the  Bendire 
collection  contains  another  example.  Neither  of  these  is  perfectly 
preserved,  but  they  seem  to  differ  from  other  allied  forms.  It  may 
be,  however,  that  they  are  very  large  leaves  of  Q,  consimilis  Newb. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  9231,  9328). 

Quercus  simplex  Newb. 

Quercus  simplex  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V.,  p.  605,  1888;  Later  Extinct 
Floras,  p.  78,  PI.  XLIII,  fig.  6.  1898. 

As  stated  by  Newberry  the  collections  from  Bridge  Creek  always 
contain  a  large  number  of  leaves  of  this  species.  They  are  of  the  same 
size  and  shape  as  leaves  of  Q,  cmimmilis^  and  only  differ  in  being 
entire  margined,  and  Newberry  questioned  as  to  whether  they  might 
not  be  only  a  varietal  fonn  of  that  species.  As  none  of  the  specimens 
that  have  passed  under  my  observation  show  any  such  gradation,  it 
may  be  taken  as  established  that  they  are  distinct. 

Ijmility, — Bridge  Creek,  Grant  County,  Oregon,  collected  by  Rev. 
Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7058a)  and  Maj.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  Nos.  9219,  9227,  9238,  9249,  9252,  9264, 
9288,  9289,  9295,  9300,  9302,  9312,  9316,  9332,  9336,  9369,  9380,  9383). 
Officer's  ranch,  lower  end  of  Butler  Basin.  Collected  by  Dr.  John 
C.  Merriam,  July  22,  1901  (r.  S.  Nat.  Mus.,  No.  9210). 
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QuERCus  AFF1NI8  (Newb.)  n.  comb. 

FrcLtinuJt  affiim  Newb.,  Proc.  U.  8.  Nat.  Mu8.,  Vol.  V,  p.  510,  1883;  I^ter  Extinct 

Floras,  p.  127,  Vol.  XLIX,  fig.  5,  1898  (1899). 
Querent  furcinervu  Roesm.  Lesquereux,  Cret.  and  Tert.  Fl.,  p.  244,  PI.  LIII,  figs.  10- 

12,  1883. 
Quercus  Breweri  Lesq.,  idem,  p.  246,  PI.  LIV,  fig.  9  (not  other  figures  described  as 

Q.  Breweri)  1883. 

This  species  came  first  into  the  hands  of  Dr.  Newberry  and  was  called 
by  him  Frax^lnns  affinls.  He  appears  to  have  noticed  only  a  single 
example,  namely,  the  one  made  the  type,  yet  there  is  a  larger  leaf  on 
the  same  piece  of  matrix.  A  little  later  a  number  of  similar  leaves 
from  the  same  locality  were  studied  by  Ijesquereux  and  by  him  identi- 
fied with  Quercim  furciyiervis  of  Rossmassler,  and  his  own  Q,  Breweri 
(See  synonymy  above). 

As  Newberry  well  states,  there  is  a  strong  resemblance  between  his 
leaf  and  the  living  Fraxinxis  americana^  yet  in  placing:  it  by  the  side 
of  the  figures  given  by  Lesquereux  there  can  be  no  doubt  that  only 
one  species  is  represented,  and  moreover  that  this  is  much  more  like 
Quercus  than  Fraxinus.  This  view  is  further  strengthened  by  the 
finding  of  additional  leaves  in  later  collections.  It  is  therefore  clear 
to  my  mind  that  they  are  oak  leaves,  and  I  have  placed  them  under 
Quercus. 

It  now  remains  to  explain  the  selection  of  the  specific  name  for  these 
leaves.  Newberry's  Fraxlmis  affinls  was  published  March  21,  1883, 
whereas  Lesquereux's  volume,  as  pointed  out  on  page  12,  could  not 
have  been  issued  until  late  in  1883  or  more  probably  not  until  some- 
time in  1884.  Newberry,  therefore,  clearly  has  priority.  Now,  if 
either  of  Lesquereux's  references  of  these  leaves  to  species  of  Quercus 
was  valid,  it  would  simply  be  necessary  to  transfer  Frau^inus  affinis 
to  the  one  selected,  but  in  my  opinion  they  are  not.  I  do  not  think 
that  the  leaves  referred  to  QuerciiH  furcinenyis^  are  the  same  as  Ross- 
massler's  species,  and,  obviously,  the  leaf  called  Quercus  Breweri^  is 
not  the  same  as  the  others  with  which  it  is  associated,  and  is  identi- 
cal with  the  one  on  the  preceding  plate.  On  these  grounds  I  have 
retained  Newberry's  specific  name  because  it  is  the  oldest,  and  I  have 
placed  them  under  Quercus  because  I  consider  them  to  be  oak  leaves. 

Locailty, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.  No.  7125).  Type  of  fig.  9, 
op.  cit.,  is  in  Mus.  Univ.  Cal.,  No.  1774. 

Quercus  gonsimilis  Newb. 

QuKRCL'8  CON8IMILI8  Nowb.,  Proc.  U.  8.  Nat.  Mus.,  Vol.  V,  p.  505,  1883;  Later  Extinct 
Floras,  p.  71,  PI.  XLIII,  figs.  2-5,  7-10,  1898. 

This  species  is  very  abundant  in  the  collections  from  Bridge  Creek, 
and  is  well  characterized  and  figured  by  Newberry.     It  is  closely  allied 


"Lesquereux,  Cret  and  Tert.  Fl.,  PI.  LIII,  tigs.  lO-l'J. 
6Idem,  PI.  LIV,  fig.9. 
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to  Q.  BretaeriljQsq.,  but  can  be  readily  distinguished  by  being  shorter 
and  relatively  much  broader. 

A  single  broken  leaf  was  found  by  Merriam  at  Officer's  ranch,  in 
the  lower  end  of  Butler  Basin. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  Nos.  7048,  7060,  7057,  7063, 
7070)  and  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  9230,  9235, 
9239,  9247,  9251,  9259,  9261,  9271,  9276,  9280,  9282,  9287,  9305,  9311, 
9321,  9329,  9333,  9337,  9342,  9344,  9347,  9351,  9362).  Officer's  ranch, 
lower  end  of  Butler  Basin.  Collected  by  Merriam,  July  22,  1901 
(U.  S.  Nat.  Mus.,  No.  9209). 

QuERCUS  Brewbri  Lesq. 

QuBRCUS  Brewkri  JjGsq.y  Oet.  and  Tert  Fl.,  p.  246,  PI.  LIV,  figs.  5-S  (non  fig.  9), 
18S3. 

Some  years  ago,  when  preparing  the  manuscript  for  my  Catalogue 
of  the  Cretaceous  and  Tertiary  Plants  of  North  America,  I  was  led 
from  a  casual  examination  of  the  figures  to  refer  this  species  to  Q,  can- 
sifnilis  Newb.  and  Q,  paveidentata  Newb.  Since  that  time  I  have 
found  the  long  narrow  leaves  of  Q.  Breweri  in  the  vicinity  of  Ashland, 
Oi'egon,  and  I  have  also  gone  carefully  over  the  abundant  material 
from  Bridge  Creek,  which  contains  a  number  of  finely  preserved  leaves, 
and  I  am  now  inclined  to  regard  them  as  distinct  from  Q,  comimilis. 
They  are  undoubtedly  close  to  this  species,  yet  differ  in  being  much 
longer  and  narrower.  They  can  be  readily  distinguished.  I  have  seen 
and  examined  the  types  of  this  species  in  the  University  of  California, 
and  I  am  the  more  convinced  that  it  is  distinct. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  9345),  by  Maj.  Charles  E. 
Bendire  (U.  S.Nat.  Mus.,  Nos.  9218,  9224,  9277,  9294,  9322,  9331, 
9345,  9352),  and  by  F.  H.  Knowlton.  Types  in  Mus.  Univ.  Cal.,  Nos. 
1761,  1762,  1763. 

QuERCUS  P8EUDO-ALNU8  Ettiugshauscn. 

QuEBCiTH  P8EUDO-ALNU8  Ettingshausen.     Lesquereux,  Cret.  and  Tert  Fl.,  p.  244,  PI. 

LIII,  figs.  1-7,  1883. 
Populus  polymorpha  Newb.,  in  part.     Later  Extinct  Florae,  p.  60,  PI.  XLIX,  fig.  7, 

1898. 

Under  the  above  name  Lesquereux  has  figured  a  number  of  leaves 
from  Bridge  Creek.  They  differ  considerably  among  themselves,  yet 
may  well  belong  to  a  single  polymorphous  species.  Nearly  all  the 
forms  are  abundant  in  any  collection  from  this  locality. 

The  leaf  figured  by  Newberry  as  Popuhis polymorpha  {}oc.  cit.,  fig.  4) 
is  certainly  the  same  as  fig.  6  of  PI.  LIII  in  the  Cretaceous  and  Ter- 
tiary Flora,  and  I  have  placed  it  under  this  species  as  determined  by 
Lesquereux.     It  is  one  of  the  most  abundant  forms  in  all  collections. 
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Locality. — Bridge  Creek,  Oregon.  Collected  by  Rev.  Thomas  Con- 
don (U.  S.  Nat  Mu8.,  No.  7051)  and  Maj.  Charies  E.  Bendire  (U.  S. 
Nat.  Mus.,  Nos.  9229,  9250,  9253,  9266,  9274,  9292,  9307,  9309,  9317, 
9319,  9326,  9334,  9343,  9355,  9358,  9365,  9368,  9372,  9374).  Types  of 
original  American  figured  specimens  in  Mus.  Univ.  Cal.,  fig.  1,  No. 
1767;  fig.  2,  No.  1768;  fig.  3,  No.  1769;  fig.  4,  No.  1770;  fig.  5,  No. 
1771;  fig.  6,  No.  1772;  fig.  7,  No.  1773.  Officer's  ranch,  lower  end 
of  Butler  Basin.  Collected  by  Dr.  John  C.  Merriam,  July  22,  1901 
(U.  S.  Nat  Mus.,  No.  9204). 

QUERCUS  OREGONIANA,  n.  Sp. 
PI.  VI,  figs.  2,  3;  PL  VII,  fig.  1. 

QuKRcns,  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 

p.  288,  1901. 
Populus  polymorpha  Newb.,  in  part.     Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  606;  Later 

Extinct  Floras,  p.  50,  PI.  XL VI,  fig.  4  (not  the  other  figures  of  P.  polymorpha). 

Leaf  membranaceous  in  texture,  elliptical-ovate  or  slightly  elliptical- 
obovate  in  shape,  rather  abruptly  rounded  at  base,  obtusely  acuminate 
at  apex;  margin  coarsely  and  irregularly  toothed,  the  teeth  rounded 
or  somewhat  acute  (petiole  not  preserved);  midrib  rather  slender,  per- 
fectly straight;  secondaries  8  or  9  pairs,  alternate,  arising  at  an  angle 
of  45^  or  50°,  nearly  straight,  ending  in  the  larger  marginal  teeth, 
often  with  one  or  two  branches  on  the  lower  side,  which  also  pass  to 
the  marginal  teeth;  the  secondaries  in  the  lower  part  of  the  blade 
closer  than  those  above  and  at  a  less  angle;  nervilles  numerous,  per- 
current  or  broken,  approximately  at  right  angles  to  the  secondaries; 
finer  nervation  producing  a  close,  irregularly  quadrangular  network. 

This  species  is  based  on  two  examples,  one  of  which  (PI.  VI,  fig.  2) 
is  the  original  of  one  of  Newberry's  types  of  Popidus  polj/morpha^ 
and  the  other  (PL  VII,  fig.  1)  a  smaller  specimen  that  was  identified  by 
Lesquereux  as  Carpinus  hetuioides  linger.  The  leaves  are  about  6  cm. 
in  length  and  4  cm.  in  width.  The  first-mentioned  example  is  nearly 
perfect,  lacking  only  the  petiole,  while  the  other  lacks  all  of  the  basal 
portion.  The  drawing  given  in  Newberry's  Later  Extinct  Floras  is 
not  quite  correct  as  regards  the  form,  the  teeth  being  uniformly 
rounded,  and  the  nervation  is  only  partially  shown.  The  other  exam- 
ple has  never  before  been  figured. 

I  am  moved  to  take  this  leaf  from  Newberry's  polymorphic  aggre- 
gation for  two  reasons:  First,  because  it  differs  from  the  other  forms 
included  under  P,  polyrnorpJui;  and,  second,  because  I  can  not  believe 
that  it  belongs  with  the  genus  Populus.  It  has  much  more  the  appear- 
ance and  general  facies  of  a  Quercus,  and  for  these  reasons  has  been 
removed. 

Locality. — Bridge  Creek,  Oregon.  Collected  by  Rev.  Thomas  Con- 
don (U.  S.  Nat.  Mus.,  No.  7049)  and  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  8484). 
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QUERCUS   PSEUDO-LYRATA    Lc.sq. 

QuERCiTs  PSEUDO-LYRATA  Lesq.,  Foss.  PL  Aurif.  Gravel,  p.  8,  PI.  II,  figs.  1,  2,  1878; 

Proc.  U.  S.  Nat.  Mu8.  Vol.  XI,  p.  17,  PI.  X,  fig.  1,  1888;  Knowlton,  Univ.  Cal., 

Bull.  Dept.  GeoL,  Vol.  II,  No.  9,  p.  308,  1901. 
Quercus  pseudo-lyraia  aculiloba  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  i>.  17,  PI.  XI, 

fig.  1,  1878. 
QuercuB  pseudo-lyraia  bretnfolia  Lesq.,  idem,  p.  18,  PI.  X,  fig.  2. 
(iuercm  pseudo-lyrala  latifolia  Lesq.,  idem,  p.  18,  Pi.  XII,  fig.  1. 
Qiiercus  pseudo-lyraJta  ohtumloha  Lesq.,  idem,  p.  18,  PI.  X,  fig.  3. 

This  species  was  originally  described  and  figured  l)y  Lesquereux  in 
his  Fossil  Plants  of  the  Auriferous  Gi*avel  (p.  8,  PL  II,  figs.  1,  2). 
After  the  description  he  has  the  following  to  say  regarding  the  locality : 

The  locality  is  unknown,  or  at  least  not  marked  in  the  catalogue  of  the  labels.  The 
matrix  of  the  specimens  is  a  white,  soft  clay  like  that  of  the  Chalk  Bluffs  of  Nevada 
County,  California,  and  no  other  species  is  preserved  upon  them  except  a  fragment 
of  a  leaf  apparently  referable  to  CaManea  intermedia  Lesq.  These  specimens  are  evi- 
dently from  the  same  formation  and  age  as  those  of  the  Chalk  Bluffs. 

Both  of  the  type  specimens  on  which  Lesquereux  based  his  descrip- 
tion and  the  above  statement  are  preserved  in  the  Paleontological  Col- 
lection of  the  University  of  California  (Nos.  1796  and  1796a),  where  I 
recently  had  the  opportunity  of  examining  them.  A  glance  at  the 
matrix  was  suflBcient  to  show  that  they  came  from  Van  Horn's  ranch, 
John  Day  Valley,  Oregon.  They  form  a  part  of  the  original  Voy 
collection,  made  about  thirty  years  ago,  which  fact  is  recx)rded  on  the 
back  of  each  speciman.  The  matrix,  mistaken  by  Lesquereux  for  a 
white,  soft  clay,  is  made  up  of  very  fine  spicules  of  glass  of  volcanic 
origin,  and  is  unmistakably  that  of  the  Van  Horn's  ranch  locality. 
From  this  it  appears  that  Qu^^cm  pseiid/z-li/rata  was  not  originally,  and, 
so  far  as  now  known,  has  never  been  found  in  California,  or  indeed 
outside  of  the  John  Day  Basin.  These  facts  are  of  great  importance, 
since  this  characteristic  species  was  relied  upon  to  establish  the  cor- 
relation between  the  Auriferous  gravels  and  the  Van  Horn's  i-anch 
deposits. 

I  have  before  me  all  of  the  type  and  duplicate  material,  belonging 
to  the  United  States  National  Museum,  on  which  Lesquereux  based 
the  above  enumerated  varieties  of  this  species,  as  well  as  the  material 
obtained  by  Dr.  John  C.  Merriam  in  1900  for  the  University  of  Cali- 
fornia, and  by  myself  in  1901.  This  comprises  fully  one  hundred 
more  or  less  perfect  examples.  There  are,  it  is  true,  slight  differences 
between  the  various  forms,  but  I  am  now  quite  convinced  that  they 
are  only  individual  variations,  such  as  may  be  noted  in  the  leaves  of 
many  species  of  living  oaks.  I  have  placed  all  these  leaves  in  a  single 
series  and  have  found  it  quite  impossible  to  draw  any  satisfactory  line 
between  them.  They  have  conseciuently  be^n  referred  to  the  single 
original  form. 
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Lfpcality, — Van  Horn's  ranch  and  vicinity,  on  South  Fork  of  John 
Day  River,  12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon. 
Collected  originally  by  C.  D.  Voy  (Univ.  Cal.,  Nos.  1796,  1796a). 
Since  collected  by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos. 
2565,  2566,  2568,  2569,  2570),  Dr.  John  C.  Merriam  in  1900  (Mus. 
Univ.  Cal.,  Nos.  838,  839,  841,  842,  843,  844,  847a,  849,  852,  859,  865, 
872),  and  by  F.  H.  Knowlton,  in  July,  1901  (U.  S.  Nat.  Mus.,  Nos. 
8999-9015). 

QuERCVs  Mehriami  n.  sp. 

PI.  VI,  figs.  6,  7;  PI.  VII,  figs.  4,  5. 

QuERCUs  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 

p.  308,  1901. 
Quercu9  pseudo-lyrcUa  angustUoba  Lesq.,  Proc.  U.  S.  Nat  Mus.,  Vol.  XI,  p.  17,  PL 

XI,  fig.  2,  1888. 

Leaves  coriaceous  in  texture,  narrowly  lanceolate  in  outline,  wedge- 
sbaped  at  base,  slenderly  acuminate  at  apex;  provided  with  4  or  5 
pairs  of  alternate  or  subopposite  lobes,  which  are  deltoid  or  deltoid- 
lanceolate  in  shape,  usually  sharp-pointed,  but  occasionally  with  the 
basal  ones  obtuse  and  rounded;  petiole  very  long  and  slender;  midrib 
moderately  strong;  secondaries  usually  at  an  acute  angle,  as  many  as 
the  lobes  and  ending  in  their  apices;  intermediate  secondaries  few, 
apparently  craspedodrome;  finer  nervation  not  well  retained. 

This  species  is  now  represented  by  more  than  twenty-five  more  or 
less  perfect  examples.  The  one  shown  in  PI.  VII,  fig.  4,  was  figured 
by  Lesquereux  under  the  name  of  Quercus psevdo'lyrata  angvstUoba.^ 
As  shown  in  Lesquereux's  figure,  it  appears  to  lack  the  basal  portion 
with  the  petiole,  but  this  was  covered  by  matrix,  which  has  now 
been  removed,  exposing  the  long,  slender  petiole.  The  other  speci- 
mens figured,  as  well  as  all  but  one  or  two  of  those  now  known,  were 
obtained  in  1901. 

The  first-mentioned  example  (PI.  VI,  fig.  6)  is  about  14  cm.  long, 
including  the  petiole,  which  is  fully  4  cm.  long.  At  the  widest  point 
between  the  lobes  it  is  only  a  little  over  3  cm.,  while  at  the  narrowest 
point,  which  is  near  the  middle  of  the  blade,  it  is  considerably  less 
than  1  cm.  The  still  larger  example,  shown  in  fig.  6,  must  have  been 
15  or  16  cm.  long  and  6  cm.  broad  between  the  points  of  the  lobes.  At 
the  narrowest  point  it  is  about  2  cm.  One  of  the  smallest  leaves  is 
shown  in  PL  VI,  fig.  6.  It  is  9.5  cm.  long,  including  the  petiole  of 
about  1.5  cm.  in  length.  The  broadest  portion  between  the  lobes  is  2 
cm.,  and  the  narrowest  only  7  mm.  in  width. 

The  specimens  representing  this  species  are  intimately  associated 
with  the  numerous  leaves  of  typical  Q,  psetido-lyrata^  and  it  is  hardly 


a  This  yarietal  name  can  not  be  retained,  as  it  is  preoccupied  by  Quercus  angustiitjba  AI.  Br.,  in 
Ludgw.  Palttontogr.,  Vol.  VIII,  p.  103.  PI.  XXXVI,  fig.  3, 1861. 

Bull.  2()4— 02 4 
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to  be  wondered  that  Lesquereux,  with  only  a  single  example  before 
him,  should  regard  it  as  an  extremely  narrow  form  of  that  species. 
But  with  the  fine  series  now  at  hand  it  is  clear  that  it  is  very  distinct. 

Among  living  species  this  forai  is  certainly  suggestive  of  Qitercvs 
heterophylla  Michx.  f.,  the  so-called  Bartram  oak,  which  is  supposed 
to  be  a  hybrid  between  Q.  pheUos  and  Q,  rubra.  This  resemblance 
may  be  only  superficial,  but  it  is  nevertheless  plain. 

I  take  pleasure  in  naming  this  species  in  honor  of  Dr.  John  C. 
Merriam,  of  the  Univerity  of  California. 

Locality, — Van  Horn's  ranch  and  the  two  other  jiear-by  localities,  12 
miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Type  of  fig.  4 
collected  by  Major  Bendire  (U.  S.  Nat.  Mus.,  No.  8505).  Types  of 
other  figures  collected  by  Knowlton  and  Merriam,  July,  1901  (U.  S. 
Nat.  Mus.,  Nos.  8506,  8507).  Type  of  fig.  7  collected  by  Merriam's 
expedition  of  1900  (Mus.  Univ.  Cal.,  No.  846). 

QUERCUS   DURIUSCULA   R.  sp. 
PI.  VIII,  fig.  2. 

Leaf  coriaceous  in  texture,  broadly  obovate  in  general  outline, 
deeply  lyrate-pinnatifid  into  about  five  lobes,  of  which  the  basal  are 
very  small,  triangular,  and  obtuse,  the  other  broad,  rounded,  with 
deeply  undulate  or  toothed  lobes;  midrib  strong;  secondaries  three 
pairs,  alternate,  ending  in  the  principal  lobes,  the  upper  ones  with 
strong  branches  passing  to  the  smaller  lobes;  finer  nervation  not  well 
retained. 

Unfortunately  only  one  example  of  this  form  was  found,  and  even 
this  lacks  a  small  portion  of  the  base  and  has  the  upper  lobes  some- 
what injured,  evidently  before  fossilization.  The  length  was  about 
5.5  cm.  and  the  greatest  width  about  5  cm.  The  two  basal  lobes  are 
less  than  1  cm.  in  length.  The  outline  and  such  details  of  nervation 
as  are  preserved  are  well  shown  in  the  figure. 

This  leaf  clearh^  belongs  to  the  white-oak  group,  and  apparently 
finds  its  greatest  aflSnity  with  Querem  minor  (Marsh.)  Sargent,  the 
well-known  post,  or  iron,  oak,  a  species  now  common  over  much  of 
the  region  east  of  the  Rocky  Mountains  south  of  Massachusetts.  It 
is  so  close  to  this  species,  in  fact,  that  it  can  hardly  be  distinguished 
from  many  of  the  smaller  leaves.  It  would  therefore  seem  beyond 
question  that  the  living  Q,  minor  is  a  direct  descendant  of  this  fossil 
form,  if,  indeed,  it  has  not  remained  practically  unchanged  from  the 
time  the  Mascall  beds  were  laid  down  to  the  present  day. 

Locality, — White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality,  12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon. 
Collected  by  Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus., 
No.  8508). 
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QUERC^S   URSINA    n.  Sp. 

PI.  VII,  figs.  2,  3. 

QusBCUs  n.  ep.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  308,  1901. 

Leaves  coriaceous  in  texture,  roughly  obovate  in  general  outline, 
5  to  7  lobed,  the  lobes  triangular  or  triangular-ovate  in  shape,  very 
acute  and  apparently  bristle- tipped;  petiole  long,  relatively  strong; 
nervation  consisting  of  a  strong  midrib  and  as  many  alternate,  rather 
thin  secondaries  as  there  are  lobes;  finer  nervation  not  fully  preserved. 

This  species  is  represented  by  several  very  well-preserved  leaves. 
They  are  small  leaves,  about  4.5  cm.  long,  exclusive  of  the  petiole, 
and  about  4.5  cm.  broad.  The  petiole  is  fully  1.5  cm.  in  length.  The 
lobes,  usually  about  6  in  number,  are  mainly  triangular  in  shape,  and 
are  entire  or  occasionally  with  a  single  small  sharp  tooth,  as  shown  in 
PI.  VII,  fig.  2. 

This  species,  so  far  as  I  am  able  to  determine,  finds  its  closest  affinity 
among  living  species  with  Quercm  nana  (Marsh.)  Sargent,  the  bear  or 
scrub  oak  of  the  Eastern  United  States.  The  fossil  form  has  a  longer 
petiole,  but  otherwise  the  shape  is  very  similar  to  certain  of  the 
smaller  leaves  of  this  species. 

It  is  barely  possible  that  these  leaves  may  be  only  small  forms  of 
the  polymorphous  Quercus  pseudo-lyrata,  but  I  do  not  at  present  think 
so,  for  out  of  more  than  a  hundred  examples  of  the  latter  species  there 
are  no  forms  that  can  well  be  regarded  as  intermediate. 

Locality.— N^xi  Horn's  ranch,  about  12  miles  west  of  Mount  Ver- 
non, Grant  County,  Oregon.  Collected  by  Merriam's  expedition  of 
1900  (type  of  fig.  2,  in  Mus.  Univ.  Cal.,  No.  841).  White  hill  one- 
half  mile  east  of  above-mentioned  locality.  Collected  by  Knowlton 
and  Merriam,  July,  1901  (type  of  fig.  3,  U.  S.  Nat.  Mus.,  No.  8509). 

QUERCUS   DAYANA   n.    Sp. 
PI.  VI,  fig.  1. 

Leaf  coriaceous,  broadly  elliptical-lanceolate,  about  equally  obtusely 
acuminate  at  both  base  and  apex;  margin  undulate,  perhaps  reflexed, 
otherwise  entire;  petiole  very  short  and  thick;  midrib  also  very 
thick;  secondaries  thin  and  obscure,  apparently  about  12  pairs,  alter- 
nate, emerging  at  a  low  angle,  apparently  ending  in  or  very  near  the 
margin;  finer  nervation  not  retained. 

The  leaf  figured— the  only  one  thus  far  found — is  3.5  cm.  long  and 
9  mm.  broad  and  has  the  petiole  onl3'  8  mm.  long.  The  outline  and 
scant  nervation  are  well  shown  in  the  figure. 

This  little  leaf  has  such  a  familiar  appearance  that  it  would  seem  to 
be  a  known  species,  and,  indeed,  it  does  resemble  more  or  less  closely 
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a  number  of  forms,  but  after  careful  comparison  I  am  forced  to 
regard  it  as  hitherto  undescribed.  It  is  clearly  an  oak  leaf  of  the  well 
known  sempervlrens  type,  and  is  allied  to  a  number  of  fossil  forms  of 
this  kind.  It  differs,  for  instance,  from  Quercus  simplex  Newb.,**  in 
being  much  shorter,  relatively  broader,  with  shorter  petiole  and  closer, 
lower  angled  secondaries.  It  somewhat  resembles  Q.  convexa  Lesq.,* 
of  the  Auriferous  gravels  of  California,  but  differs  in  nervation, 
petiole,  and  other  details.  It  is  not  greatly  unlike  the  smallest  leaves 
of  Q.  simidata  Knowlton,^  from  the  Payette  formation  of  Idaho,  but 
is  sharper  at  both  ends  and  has  an  undulate  margin  and  a  much 
shorter,  thicker  petiole. 

Locality. — White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality.  Collected  by  Knowlton  and  Merriam,  July,  1901 
(U.  S.  Nat.  Mus.,  No.  8546). 

QuERCUS  HORNiANA  Lesq. 

PI.  VIII,  fig.  1. 

QuKRCus  HOBNiANA  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  17,  1888  (the  figure 
given  on  PI.  V,  fig.  6,  is  not  a  figure  of  this  specimen,  being  a  figure  of  a  speci- 
men of  Ulmus  cali/omica). 

Oadanea  atavia  Unger.  Leequereux,  Cret.  and  Tert.  Fl.,  p.  247,  Pi.  LII,  fig.  2, 1884. 

The  type  specimen  of  Lesquereux's  Quercas  hamiiiiia  has  not  pre- 
viously been  figured,  the  figure  supposed  to  represent  it  being  that  of 
a  specimen  of  Ulmvs  calif omica  from  the  same  beds.  It  is  here 
figured  for  the  first  time,  and  it  needs  but  a  glance  .to  show  that  it  is 
identical  with  the  leaf  identified  by  Lesquereux  as  Castanea  atavia 
Unger,  a  fact  apparently  overlooked  by  Lesquereux  when  he  estab- 
lished Q,  homiana,  I  have  not  been  able  to  see  any  European 
material  of  Castanea  atavia^  but  a  study  of  the  type  figures,**  as  well 
as  others,  leads  me  to  the  conclusion  that  Lesquereux  was  in  error  in 
identifying  the  John  Day  leaf  with  this  species.  In  the  European 
species  the  teeth  are  smaller  and  lower,  the  secondaries  opposite  and 
only  about  ten  pairs  instead  of  fifteen  or  more  pairs,  and  the  finer 
nervation  is  much  more  open.  In  the  John  Day  form  the  margin  is 
entire  for  a  considerable  distance  above  the  base  while  the  upper  por- 
tion is  provided  with  very  large,  sharp  teeth. 

While  there  can  be  no  doubt  that  this  leaf  is  the  same  as  that  fig- 
ured by  Lesquereux  as  Castanea  atavia^  there  may  be  some  as  to  its 
being  referred  to  Quercus.  The  size  and  shape  of  the  leaf,  however, 
are  very  suggestive  of  an  oak,  and  for  the  present  it  may  remain  in 
this  genus.  It  is  very  well  marked  and  one  not  likely  to  be  easily 
mistaken  for  anything  thus  far  discovered  in  these  beds. 

a  Later  ExUnct  Flonw.  p.  78,  PI.  XLIII,  fijf.  6. 

6F0S8.  PI.  Aurif.  Gravel,  p.  4,  PL  I,  figs.  13-17,  1878. 

«y  Eighteenth  Ann.  Kept.  U.  S.  Geol.  Surv.,  Pt.  Ill,  p.  728,  PI.  CL  fig.  3. 

dFoes.  Fl.  V.  Sotzka,  p.  34  (164),  PL  X  (XXXI),  flgs.  5-7,  1860. 
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Locality, — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected 
by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8504). 

QuERCus?  sp.  Knowlton. 
PI.  VIII,  fig.  3. 

QtnsBcuB?  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  308,  1901. 

The  collection  made  by  the  University  of  California  contains  a  single 
leaf — the  one  figured — which  appears  to  belong  to  Quercus.  Only  the 
basal  portion  is  preserved  together  with  a  very  short,  thick  petiole. 
The  texture  seems  to  have  been  coriaceous;  the  shape  is  lanceolate, 
wedge-shaped  at  base,  and  entire  margined.  The  midrib  is  very  thick 
and  the  secondaries— several  pairs — subopposite.  None  of  the  finer 
nervation  is  retained. 

This  may  possibly  be  a  fragment  of  QuercuH  simplex  Newb.,  which 
is  so  abundant  at  Bridge  Creek,  but  it  is  only  a  fragment  and  the  ner- 
vation is  not  well  preserved,  so  I  have  hesitated  to  so  regard  it. 

Lf^caliPy. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Merriam ""s  expedition  of  1900. 
(Mus.  Univ.  Cal.,  No.  860.) 

Family  ULMACE^. 

Ulmus  speciosa  Newb. 

Ulmus  8PBCI08A  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  507,  1883;  Later  Extinct 

Floras,  p.  80,  PI.  XLV,  figs.  2-4,  7  (non  figs.  5  and  8),  1898. 
Ulmtis  pgeudo^mericana  Lesq.,  Cret.  and  Tert.  Fl.,  p.  249,  PI.  LIV,  fig.  10,  1883. 

The  leaf  made  the  type  of  Lesquereux's  Uhmis  pseudo-amerieana 
is  presei'ved  in  the  paleontological  collection  of  the  University  of 
California  (No.  1758),  and  as  it  is  clearly  the  same  as  the  large  leaves 
figured  as  the  types  of  Newberry's  U,  speciosa  and  is  referred  to  it,  as 
the  latter  has  priority. 

As  Newberry  states,  the  collections  from  Bridge  Creek  contain  a 
number  of  elm  leaves  of  the  chamcter  and  size  shown  in  fig.  8  of  his 
plate;  that  is,  they  are  very  much  smaller  and  have  less  coarsely  cut 
margins  than  those  shown  in  figs.  2-4,  and  7.  He  decides,  however, 
that  these  differences  are  not  suflScient  to  warrant  separating  them  as 
a  distinct  species.  If  these  extremes  of  size  and  shape  were  connected 
by  intermediate  forms  it  would  be  unwarranted  to  separate  them,  but 
among  a  considerable  number  this  is  not  found  to  be  the  case.  It  is 
possible  to  determine  from  even  a  relatively  small  fragment  the  form 
in  hand.  It  therefore  seems  justifiable  to  separate  them,  and  I  have 
accordingly  done  so,  retaining  the  name  npeeima  for  the  larger  leaves 
and  giving  to  the  smaller  ones  the  name  of  [Jhnu^t  Neicbirryi. 
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Ulmus  speciosa^  as  here  emended,  may  be  described  as  follows: 
Leaves  10  to  13  cm.  in  length,  5.5  to  6  cm.  in  width,  petioled,  long 
ovoid  or  elliptical  in  outline,  very  unequal  sided  at  base,  narrow 
pointed  at  apex;  margins  coarsely  and  doubly  serrate;  nervation 
strong,  very  regular,  with  a  strong  midrib  and  some  15  to  20  pairs 
of  thin,  close,  parallel  secondaries;  nervilles  numerous,  close,  mainly 
percurrent  and  at  right  angles  to  the  secondaries. 

The  fruit  probably  of  this  species  is  figured  and  described  by 
Newberry. 

LocalUy. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  Nos.  7065,  7066,  7067,  7068) 
and  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  9217,  9367). 

Ulmus  Newberbyi  n.  sp. 

PI.  IX,  fig.  4. 

Ulmus  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  GeoL,  Vol.  II,  No.  9, 

p.  288,  1901. 
Ulmus  spedosa  Newb.,  Later  Extinct  Florae,  p.  80,  PI.  XLV,  figs.  6  and  8  (now  figs. 

2-4  and  7),  1898  (1899). 

Leaves  membranaceous  in  texture,  lanceolate  in  outline,  narrowed, 
and  very  unequal  sided  at  base,  long  and  slender  pointed  at  apex; 
margin  coarsely  and  irregularly  doubly  serrate,  the  primary  teeth 
large,  of  quite  regular  size,  the  other  teeth  smaller  and  quite  irregu- 
lar; midrib  rather  thin,  perfectly  straight;  secondaries  about  12  or 
15  pairs,  parallel,  at  an  acute  angle  and  ending  in  the  larger  teeth; 
nervilles  numerous,  fine,  mainly  broken,  producing  a  large  block  net- 
work between  the  secondaries. 

This  species  is  founded  on  a  considerable  number  of  leaves  besides 
the  ones  figured  by  Newberry  under  U.  speciosa.  One  of  the  most  per- 
fect has  been  figured  here.  This  is  very  narrowly  lanceolate,  10  cm. 
in  length  and  only  a  little  over  3  cm.  in  width.  The  petiole  is  about 
5  mm.  long.  Other  examples  are  only  about  6  cm.  long  and  2.5  cm. 
wide,  and  this  is  the  usual  size. 

As  pointed  out  under  U,  »peclosay  this  species  may  be  distinguished 
by  its  much  smaller  size,  much  narrower  shape,  and  more  oblique  base. 
In  fact,  it  approaches  closer  to  V.  ealifomica^  in  size  and  shape  than 
to  U.  spemom.  It  differs  from  U,  calif oniica  in  having  larger,  doubly 
dentate  teeth,  those  of  the  former  species  being  small  and  only  simply 
dentate. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7064)  and  Maj.  Charles 
E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8493). 


a  Mem.  Mils.  Comp.  Zool.,  Vol.  VI,  N<i.  2.  p.  15,  PI.  IV,  fig.  2, 1878. 
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Ulmus  plurinervia  Unger. 

Ulmits  plurinervia  Unger.  Lesquereux,  Proc.  U.  S.  Nat.  Mum.,  Vol.  XI,  p.  18, 1888. 

A  single  specimen  with  its  counterpart  is  all  that  has  been  found  of 
this  form.  It  is  a  little  larger  than  the  figure  given  by  Heer*  of  the 
Alaskan  form,  but  is  otherwise  the  same. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire(U.  S. 
Nat.  Mus.,  No.  2620). 

Ulmus  californica?  Lesq. 

Ulmus  californica  Lesq.,  Foes.  PI.  Aurif.  Gravel,  p.  15,  PI.  IV,  fig.  2,  1878;  Proc. 
U.  S.  Nat.  Mils.,  Vol.  XI,  p.  18,  PI.  V.  fig.  6  (there  wrongly  stated  to  be  a  figure 
of  Quercus  homiana)j  1888. 

The  collections  contain  several  examples,  one  of  which  was  referred 
by  L#esquereux  to  his  Ulratis  californica.  The  others  are  similar  to 
this  and  should  properly  go  with  it.  The  question  as  to  whether  they 
are  properly  referred  to  this  species  is  a  rather  difficult  one  to  settle. 
None  of  the  leaves  are  nearly  perfect  nor  do  they  agree  in  all  particu- 
lars with  the  types.  The  secondaries  incline  to  arch  slightly  outward 
instead  of  strongly  upward.  The  character  of  the  teeth  can  not  be 
made  out  satisfactorily.  In  view  of  these  statements,  it  seems  best  to 
question  their  reference  to  this  species,  and  await  future  material  to 
settle  the  matter  definitely. 

Locality. — Mascall  beds,  Van  Horn's  ranch,  12  miles  west  of  Mount 
Vernon,  Gi-ant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Ben- 
dire  (U.  S.  Nat.  Mus.,  No.  2621)  and  by  Knowlton and  Merriam,  July, 
1901  (U.  S.  Nat.  Mus.,  Nos.  8983-8985). 

Planera  Ungeri  Ettingshausen. 

Planera  Ungbri  Ettingshausen.  Leequereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  19, 
1888. 

This  species  is  represented  by  a  single  example  and  its  counterpart, 
and  although  not  perfectly  preserved  may  well  belong  to  this  form. 

Locality. — Mascall  beds.  Van  Horn's  ranch,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2534.) 

Family  MORACE.E. 

Ficus  TENUiNERVis  Lcsq. 

Ficus  TENUINERVIS  Lcsq.,  Cret.  and  Tert.  Fl.,  p.  164,  PI.  XLIV,  fig.  4,  1883;  Proc. 
U.  8.  Nat.  Mus.,  Vol.  XI,  p.  23,  1888. 

The  single  broken  leaf  upon  which  Lesquereux  based  its  presence  at 
Cherry  Creek  remains  unique.  It  is  described  and  discussed  at  length 
in  the  paper  above  quoted. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  ]»y 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2479). 

a  Fl.  Fo6».  Alaflka,  p.  3^1,  PI.  V,  flg.  1, 1869. 
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FiCUS  PLANIC08TATA?  Lcsq. 

Fici'H  PLANicx)eTATA?  Le«q.,  Newberry,  Later  Extinct  Floras,  p.  88,  PL  XL VI,  fig.  1, 
1898(1899). 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7084). 

Ficus?  OREGONIANA  Lesq. 

PI.  X,  fig.  3. 
Ficus?  oregoniana  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  VoL  XI,  p.  18,  PI.  IX,  fig  3, 1888. 

As  the  original  figure  of  this  species  is  so  poorly  and  even  incor- 
rectly drawn,  I  give  another  of  the  type  specimen.  As  may  be  seen, 
Lesquereux's  figure  shows  a  curious  prolongation  on  one  side,  but 
this  has  been  greatly  exaggerated.  The  specimen  is  a  little  broader 
on  one  J^ide,  but  not  to  such  an  extent  as  might  be  inferred  from  the 
figure.  The  recent  collections  from  the  same  localit}^  contain  a  fine, 
nearly  perfect  example  of  this  species,  which  shows  it  to  be  nearly 
equilateral. 

Locality. — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  ubout 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected  by 
Maj.  Charies  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  2475,  8543)  and  Dr. 
John  C.  Merriam  (Mus.  Univ.  Cal.,  No.  884). 

Artocarpus  californica?  Knowlton. 

Artocarpus  californica  Knowlton,  Science,  Vol.  XXI,  p.  24,  Jan.  13,  1893. 
Arahapuagens  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  16,  1888. 
Myrica  {Aralia)  Lemgii?  Lesq.,  idem.,  p.  16,  1888. 

The  collections  made  b}^  Bendire  contained  three  specimens  that 
were  referred  by  Lesquereux  as  above  indicated.  They  are  all  very 
fiagmentary  and  can  not  be  made  out  with  satisfaction,  yet  it  is  rea- 
sonably certain  that  only  one  species  is  represented,  and  in  all  proba- 
bility they  are  the  same  as  my  Artocarpus  californica.  It  was  hoped 
that  late  collections  from  theso  beds  might  contain  specimens  that 
would  clear  up  this  question,  but  unfortunately  they  do  not,  and  it 
must  remain  open  to  revision. 

Artocarpus  californica  differs  from  A.  Lessigiana  (Lesq.),  Knowlton, 
in  its  smaller  size,  thinner  texture,  and  shorter,  more  acute  lobes. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Ver- 
non, Giant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire 
(U.  S.  Nat.  Mus.,  Nos.  2428,  2522.) 

Family  BERBERIDACE.l^:. 

Berberis  simplex  Newb. 

Bbrberis  simplex  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  514,1883;  Later  Extinct 
I-loras,  p.  97,  Pi.  LVl,  fig.  2,  1898  (1899). 

The  type  of  this  very  distinct  species  still  remains  unique. 
Locality. — Bridge  Creek,  Grant  County,   Oregon.      Collected  by 
Rev.  Thomas  Condon  (IT.  S.  Nat.  Mus.,  No.  7040). 
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Berbebis?  gig  ante  a  n.  sp. 

PI.  XI,  fig.  1. 

Leaf  of  large  size,  very  thick  and  leathery  in  texture,  palmately 
deeply  three-lobed,  lobes  lanceolate,  provided  with  numerous,  large, 
triangular  or  triangular-lanceolate,  sharp-pointed  lobes;  lobes  pro- 
vided with  very  thick,  fleshy  midrib,  and  an  apparently  continuous 
intramarginal  vein;  secondary  bmnches  very  thin,  arising  from  the 
midrib  and  passing  directly  or  with  a  slight  curve  to  the  apices  of 
the  lateral  lobes;  finer  nervation  very  thin,  anastomosing,  producing 
large,  irregular  areas. 

The  single  magnificent  specimen  upon  which  this  opinion  is  based 
remains  absolutely  unique.  It  was  clearly  a  thick,  leathery  leaf,  and 
palmately  deeply  three-lobed.  There  is  no  means  of  knowing  the  full 
length  and  width,  as  both  base  and  apex  are  absent.  Of  the  middle 
lobe  only  about  6  cm.  is  preserved;  of  the  lateral  lobes  8  to  11  cm.  is 
preserved.  The  widest  part  between  the  lobes  as  now  preserved 
measures  about  13  cm.  When  perfect  it  was  probably  at  least  15 
cm.  long  and  spread  probably  18  cm.  The  petiole  is,  of  course,  not 
preserved.  The  nervation,  as  set  forth  ir,  the  diagnosis,  is  strongly 
marked.  There  is  a  thin  intramarginal  vein  running  around  the  entire 
margin,  this  being  especially  prominent  in  the  interval  between  the 
lateral  lobes.  Each  lobe  is  provided  with  a  very  thick,  fleshy  midrib, 
from  which  arise,  at  irregular  intervals,  the  thin  secondaries  which 
pass  to  the  sharp  points  of  the  lateral  lobes.  The  other  nervation 
produces  large  anastomosing  areas. 

I  am  somewhat  uncertain  as  to  the  proper  generic  reference  for  this 
fine  leaf.  The  late  Dr.  Newberry,  to  whom  the  specimen  was  sent 
and  who  had  prepared  a  drawing  of  it,  placed  it  provisionally  in  the 
genus  Cnicus,  or  Carduus,  as  it  is  now  called.  The  peculiar  sharp 
lobes,  as  well  as  the  fleshy  midribs,  are  suggestive  of  the  large  spiny 
leaves  of  thistles,  but  no  species  of  this  genus,  so  far  as  1  know,  has 
palmate  leaves.  The  individual  lobes  resemble  the  whole  leaf  of  many 
species  of  Carduus,  but  the  palmate  character  effectively  excludes  it. 

The  only  genus  with  which  I  have  been  able  to  satisfactorily  compare 
this  leaf  is  Berberis,  and  the  nearest  species  is  B.  trifoliolata  Moric. 
This  species,  now  found  in  southern  Texas  and  Mexico,  has  ordinarily 
small  trifoliolate  leaves,  but  occasional!}'  one  is  found  in  which  two 
and  sometimes  all  three  leaflets  are  united  for  a  greater  or  leas  distance 
at  the  base,  thus  producing  a  leaf  of  exactly  the  same  character  as  the 
fossil  under  discussion.  The  individual  leaflets  of  this  living  species 
are  rarely  more  than  4  cm.  in  length,  whereas  the  lobes  of  this  fossil 
form  must  have  been  10  or  12  cm.  long.  In  the  matter  of  lobation, 
nervation,  and  general  appearance,  even  to  the  intramarginal  vein, 
the  agreement  between  them  is  perfect.  For  this  reason  I  have  placed 
this  fossil  under  Berberis  and  denoted  the  doubt  by  a  quastion  mark. 
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Locality, — Mascall  beds,  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Oregon.  Collected  by  Rev.  Thomas  Condon.  The 
type  and  only  specimen  is  the  property  of  Columbia  University,  New 
York,  and  is  under  the  care  of  the  New  York  Botanical  Garden. 

Family  MAGNOLIACE^. 
Magnolia  lanceolata  Lesq. 

M  AG  NOLI  .\  LANCEOLATA  Lepq.,  Proc.  U.  S.  Nat.  Mu8.,  Vol.  XI,  p.  20,  1888. 

Locality, — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2515). 

Magnoll4  Culveri  Knowlton. 

Magnolia  Culveri  Knowlton,  Mon.  U.  8.  Geol.  Surv.  Vol.  XXXII,  Pt.  II,  p.  720, 

PI.  XCII,  fig.  5,  1899. 
Populus  monodon  Lesq.,  Proc.  IT.  S.  Nat.  Mus.,  Vol.  XI,  p.  21,  1888. 

This  material  is  not  very  well  preserved,  but  it  agrees  absolut^Jy 
with  this  species  and  is  so  referred. 

.  Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus..  No.  2546)  and  by  Knowl- 
ton and  Merriam  in  1901  (U.  S.  Nat.  Mus.,  No.  9058), 

Magnolia  Inglefieldi  Heer. 

Magnolia  Inglefieldi  Heer,  Fl.  Foss.  Arc.,  Vol.  I,  p.  120,  PI.  Ill,  fig.  6c;  PI.  XVI, 
figs.  5,  6,  8b;  PL  XVIII,  figs,  1-3,  1868;  I^esquereux,  Proc.  U.  S.  Nat.  Mus., 
Vol.  XI,  p.  13,  1888. 

This  is  certainly  different  from  the  last  and  may  well  be  Heer's  spe- 
cies.    It  is  not  contained  in  recent  collections. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Ver- 
non, Grant  County,  Oregon.  Collected  hy  Maj.  Charles  E.  Bendire 
(U.  S.  Nat.  Mus.,  No.  2513). 

Family  LAURACE^:. 

Laukus  oregoniana  n.  sp. 

PI.  IX,  figs.  2,  3. 

iMuraa  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  309,  1901. 

Leaves  coriaceous  in  texture,  narrowly  lanceolate  in  shape,  nar- 
rowed from  apparent!}'  above  the  middle  to  a  long  narrowly  wedge- 
shaped  base  (upper  portion  not  preserved,  but  apparently  long  and 
narrowly  acuminate);  midrib  thick  below,  becoming  very  slender  in 
the  upper  portion;  secondaries  about  6  pairs,  thin,  alternate,  ari.sing 
at  an  acute  angle,  passing  high  up  near  the  margin,  where  they  join, 
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by  a  series  of  broad  loops,  the  one  next  above;  nervilles  prominent, 
oblique  to  the  midrib  and  mainly  broken,  producing  large,  irregular 
areas;  finer  nervilles  numerous,  very  thin,  oblique  to  the  stronger  onas; 
ultimate  nervation  made  up  of  very  minute  but  regular  reticulations. 

This  species  is  represented  thus  far  by  only  two  specimens,  the  one 
fibred  and  another  much  less  perfect.  The  one  shown  in  the  plate 
was  about  18  cm.  long  (13.5  cm.  in  length  is  now  preserved),  and  3.5 
cm.  wide  at  a  point  probably  a  little  above  the  middle.  It  is  impoasible 
to  estimate  the  length  of  the  other  specimens,  but  it  is  wider,  being 
fully  4.5  cm.  wide.  The  nervation  differs  slightly,  also,  the  seconda- 
ries arise  at  a  less  acute  angle,  but  otherwise  there  is  no  appreciable 
difference. 

The  affinity  of  the  unfigured  example  seems  to  be  with  some  forms  of 
La/urus  calif omica  Lesq. ,  but  it  differs  in  having  the  secondaries  at  a 
more  acute  angle  of  divergence  and  undoubtedly  belongs  with  the  leaf 
figured.     It  may  also  be  compared  with  Peraea punctidata  Lesq." 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Merriam's  expedition  of  1900 
(Mus.  Univ.  Cal.,  No.  868). 

CiNNAMOMUM  DiLLERI  Knowlton. 

CiNNAMOMUM  DiLLBRi  KnowltoD,  Twentieth  Ann.  Bept  U.  S.  Geol.  Surv.»  Pt  III, 
p.  47,  PL  IV,  fig.  1,  1900. 

The  material  from  Cherry  Creek  obtained  in  1901  contains  one 
nearly  perfect  example  and  several  fragmentary  specimens  that  must 
belong  to  this  species.  The  most  perfect  specimen  is  slightly  larger 
than  the  type,  but  otherwise  there  is  no  appreciable  difference. 

The  type  was  described  from  Comstock,  Douglas  County,  Oregon, 
in  beds  supposed  to  be  Miocene  in  age,  but  associated  with  it  were 
shells  of  Cardita  planicostata  and  other  characteristic  Ex>cene  fossils. 
As  the  beds  at  Cherry  Creek  are  certainly  Eocene  it  would  seem  to  sus 
tain  the  contention  that  the  beds  at  Comstock  are  also  of  this  age. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  9055, 9056). 

CiNNAMOMUM   BeNDIBEI  n.  Sp. 

PL  X,  fig.  4. 

Leaf  membranaceous  m  texture,  oblong-lanceolate  in  shape,  long 
wedge-shaped  at  base,  apparently  rather  obtusely  pointed  at  apex; 
margin  entire;  petiole  long  and  slender;  midrib  thick  l^elow,  becoming 
very  thin  above,  with  two  or  three  pairs  of  thin  secondaries  in  the 
upper  part  which  are  at  a  low  angle;  lower  pair  of  strong  secondaries 

aproc.  r.  S.  Nat.  Miim.,  Vol.  XI,  p.  26,  PI.  XIV.  Jig.  I.  i»88. 
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arising  at  a  point  well  above  the  base  of  the  blade,  passing  up  at  an 
acute  angle  to  near  the  upper  part  of  the  leaf,  and  here  they  become 
thin  and  join  with  the  equally  thin  secondaries  from  the  upper  part  of 
the  midrib;  each  of  the  large  secondaries  with  several  thin  loops  on 
the  outer  side;  nervilles  numerous,  thin,  crossing  between  the  midrib 
and  strong  secondaries,  mainly  percurrent  though  irregular;  finer 
nervation  producing  rather  large  blocks. 

The  example  figured  is  the  only  one  found  in  the  collections.  It 
lacks  only  the  extreme  upper  portion.  The  length  was  about  6.5  cm., 
exclusive  of  the  petiole,  which  is  1.5  cm.  in  length.  The  width  of 
the  blade  is  2.5  cm.  at  the  broadest  point,  which  is  slightly  above  the 
middle. 

This  species  is  wholly  unlike  anything  before  reported  from  the 
beds  at  Bridge  Creek.  It  is  perhaps  nearest  to  certain  forms  of 
C,  Scheuchzeri  of  Heer,  being,  for  example,  hardly  to  be  separated 
from  a  leaf  figured  by  Ludwig^  in  his  Fossile  Pflanzen  aus  der  ftltesten 
Abtheilung  der  Rheinisch  -  Wetteraurer  Tertiar- Formation.  This, 
however,  is  not  the  typical  form  of  C,  Scheuchzeri^  and  I  prefer  to 
describe  it  as  new  rather  than  unite  it  with  an  anomalous  leaf  that  has 
been  referred  to  an  established  species. 

Locality. — Bridge  Creek,  Oregon.  Collected  by  Maj.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  No.  8490). 

Family  HYDRANGEACE^. 

Hydrangea  Bendirei  (Ward)  Knowlton. 

PL  IX,  figs.  6,  7. 

Hydrangea  Bendirei  (Ward)  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept  Geol., 

Vol.  II,  No.  9,  p.  309,  1901. 
Marnlea  Bendirei  Ward,  Fifth  Ann.  Kept.  U.  S.  Geol.  Surv.,  p.  446,  1886. 
Parana  Bendirei  (Ward)  Lesquereux,  Proc.   U.  S.  Nat.  Mus.,  Vol.  XI,  p.  16,  PI. 

VIII,  fig.  4,  1888. 

Sterile  flowers  of  large  size;  calyx  lobes  of  firm  texture,  broadly 
obovate,  oval,  or  nearly  circular  in  shape,  considerably  overlapping, 
obtuse  and  rounded  at  apex,  truncate  or  slightly  narrowed  at  the 
sessile  base;  nervation  strong,  consisting  of  some  six  or  eight  nerves 
of  equal  strength,  the  central  one  passing  apparently  to  the  tip  of  the 
calyx  lobes  and  having  two  or  three  branches  at  various  distances 
which  anastomose  with  it  some  distance  below  the  apex;  other  nerves 
diverging  and  joining^by  broad  loops  with  several  series  of  smaller 
loops  outside;  nervilles  producing  quite  large  irregularly  quadrangu- 
lar areas  in  which  there  are  often  free  veins. 


"  PftlfiBontopuphica,  Vol.  VIII,  IM.  XLI,  fig.  8. 
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Four  more  or  less  perfect  examples  of  this  exceedingly  interesting 
species  have  been  found.  The  original  specimen  is  nearly  4  cm.  by 
3  cm.  in  size,  the  large  sepals  being  2  cm.  long  and  1.5  cm.  broad. 
The  next  discovered  specimen  was  obtained  by  Dr.  John  C.  Merriam  in 
1900.  It  is  not  quite  perfect,  but  has  the  nervation  very  well  pre- 
served. The  sepals  are  about  2  cm.  long  and  nearly  as  broad.  The 
two  remaining  examples  were  obtained  by  myself  in  1901. 

The  original  specimen,  as  may  be  noted  under  the  synonymy,  was 
firsttentatively  referred  to  Marsilea,  and  was  later  placed  under  Porana 
by  Lesquereux,  who  correctly  recognized  its  nature.  Lesquerex,  how- 
ever, was  in  error  in  supposing  that  the  sepals  were  "  connate  to  above 
the  middle."  They  are  undoubtedly  free  and  overlapping,  as  shown 
by  the  present  drawing.  (See  PI.  IX,  fig.  6.)  The  example  secured  by 
Dr.  Merriam  is,  as  already  stated,  not  perfectly  preserved,  but  as  nearly 
as  can  be  made  out,  it  consists  of  only  three  sepals,  although  the  fourth 
may  be  present,  concealed  under  the  others.  They  are  clearly  free, 
however. 

The  fossil  forms  referred  to  Porana  consist  of  the  more  or  less 
leathery  sepals  and  are  usually  five  in  number.  Two  species  have 
been  described  from  the  United  States  by  Lesquereux,  both  coming 
from  Florissant,  Colorado.  Parana  Speirii^  is  a  five-lobed  connate 
species,  while  P.  tenuis^  has  never  been  figured,  but  is  described  as 
having  the  sepals  separate  to  the  base.  The  first  is  very  distinct 
from  the  form  under  consideration,  while  the  latter  can  not  be  well 
compared. 

On  first  examining  these  specimens,  especially  the  one  collected  by 
Dr.  Merriam  (PI.  IX,  fig.  7),  they  seem  to  be  referable  to  a  Cornus  of 
the  type  of  C,  fiorida  or  C.  NuttaUii  Aud.,  but  the  absence  of  any 
marked  indication  of  the  flowers  in  the  center  apparently  precludes 
their  reference  to  this  genus. 

At  the  suggestion  of  Mr.  Charles  Louis  Pollard,  of  the  United  States 
National  Herbarium,  these  fossils  were  compared  with  various  species 
of  the  genus  Hydrangea,  and  the  resemblance  between  them  and  the 
sterile  flowers  so  characteristic  of  this  genus  was  so  striking  that  they 
have  been  referred  to  Hydrangea. 

Eight  fossil  species  of  Hydrangea  have  been  described  from  the 
European  Tertiary,  but  none  of  them  approach  closely  to  our  form. 

Locality.— N^w  Horn's  ranch,  South  Forkof  John  Day  River,  12  miles 
west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected  by  Maj. 
Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8515),  and  by  Dr.  John  C. 
Merriam  (Pal.  Col.  Univ.  Cal.,  No.  854).  Also  obtained  from  a  gulch 
half  a  mile  northwest  of  the  Belshaw  ranch,  the  next  mnch  east  of 
Van  Horn's,  by  F.  H.  Knowlton,  July,  1901  (U.  S.  Nat.  Mus.,  Nos. 
8994,  8995). 


aCret.  and  Tert.  Fl.,  p.  172,  PI.  XXVUI,  fig.  16, 1888.  «►  Idem,  p.  173. 


Digitized  by 


Google 


62         FOSSIL    FLORA    OF   THE   JOHN    DAY    BASIN,   OBEGON.      [bill. 201. 

Family  HAMAMELIDACE^. 

LiQUIDAMBAR   EUROPiEUM  Al.    Br. 

LiQiTiDAMBAR  EUROPiEUM  Al.  Br.     NewbciTy,  Later  Extinct  Floras,  p.  100,  PL  XL VI I, 
iif?8.  1-3,  1898(1899). 

As  Newberry  well  says  (op.  cit.  p.  101),  this  species  is  hardly  to  be 
distinguished  from  large  leaves  of  Lesquereux's  Liquidarnhar  cali- 
fonucian^  from  the  Auriferous  gravel  of  California.  But  it  appears 
that  the  large  form  is  rare  among  the  Auriferous  gravel  examples, 
most  of  them  being  much  smaller  and  only  three  lobed.  It  therefore 
seems  best  to  keep  them  apart  for  the  present,  although  they  are 
undoubtedly  close.  Its  identity  with  the  European  form  is  also  a 
matter  for  future  settlement. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  Nos.  7094,  7095,  7096). 

LiQUIDAMBAR   EUROPIUM   PATULUM,  U.  var. 
PI.  X,  fig.  5. 

Liquidamhar  ewropxum  AL  Br.  Leequereux,  Proc.  U.  S.  Nat.  Mub.,  VoL  XI,  p,  14, 

1888. 

This  specimen,  the  only  one  thus  far  found  at  this  locality,  was 
referred  by  Lesquereux,  without  comment,  to  Z.  europaeum.  It  is  a 
well-known  fact  that  this  is  a  very  variable  species,  which  more  than 
likely  covers  several  distinct  forms,  but  the  leaf  under  consideration 
differs  markedly  from  any  that  1  have  seen  figured  in  European 
books.  It  is  difctinctly  different  from  the  large  five-  to  seven-lobed 
leaves  found  at  Bridge  Creek,  nor  is  it  the  same  as  Lesquereux's  Z. 
californicum^  from  the  Auriferous  gravels.  I  have  therefore  ventured 
to  give  it  subspecific  rank  under  the  name  of  L.europeemn  pdtvhini. 
It  may  be  described  as  follows:  Leaf  coriaceous  in  texture,  three-lobed 
and  much  broader  than  long;  central  lobe  obtusely  elliptical;  lateral 
lobes  lanceolate-acuminate,  nearly  at  right  angles  to  the  central  lobe; 
margin  finely  and  sharply  serrate  throughout. 

The  width  of  this  leaf  is  about  14  cm.  and  the  length  only  about  8 
cm.  The  central  lobe  is  about  4  cm.  broad  and  the  same  in  length, 
while  the  lateral  lobes  are  but  little  more  than  2.5  cm.  broad. 

Lffcality. — Van  Horn's  ranch.  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected 
by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8544). 

LiQUIDAMBAR  PROTENSUM  ?  linger. 

LiQUIDAMBAR  PROTENSUM  ?  UngcF.     Lcsquereux,  Proc.  U.  8.  Nat.  Miis.,  VoL  XI,  p. 
13,  PI.  VIII,  %,  3,  1888. 

I  regard  this  identification  as  extremely  doubtful.  The  specimen 
lacks  practically  all  of  the  margin,  and  other  of  its  characters  have 
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been  distorted.  As  Lesquereux  suggests  (op.  cit.,  p.  13),  this  leaf  has 
a  striking  resemblance  to  hm  Acer  dinurrp/tiwt^  but  the  specimen  is  not 
sufficiently  perfect  to  warrant  the  assertion  that  it  represents  a  leaf  of 
that  species. 

Lt}€ality.  — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected 
by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2504). 

LiQUIDAMBAK   PACHYPHYLLUM,  n.  sp. 

PI.  IX,  fig.  1. 

Leaf  of  small  size,  very  thick  in  texture,  five-lobed,  the  lobes  short, 
ovate,  or  ovate-lanceolate,  acute;  margin  serrate  throughout,  the  teeth 
rather  large,  upward  pointing;  ribs  arising  just  inside  the  lower  mar- 
gin of  the  blade,  very  strong,  passing  to  the  apices  of  the  lobes;  sec- 
ondary branches  numerous,  alternate,  often  irregular,  camptodrome, 
arching  near  the  margin;  nervilles  very  irregular,  producing  a  coarse, 
heavy  network. 

The  single  broken  example  figured  is  all  that  was  found  in  the  col- 
lections. It  was  clearly  five-lobed,  but  only  the  two  lower  and  a  part 
of  one  middle  lobe  is  preserved.  The  total  length  appears  to  have  been 
between  5  and  6  cm.,  or  possibly  a  little  more.  The  width  between 
the  two  lower  lobes  is  5.6  cm. 

This  species  had  evidently  a  very  thick,  pulpy  leaf,  and  the  nerva- 
tion is  especially  strong,  particularly  the  ribs  and  nervilles. 

Leaves  of  this  genus  appear  to  be  rare  in  the  Mascall  beds,  and  the 
leaf  under  consideration  is  wholly  unlike  any  before  detected.  The 
leaves  referred  to  L.  europsdum  patulum  and  Z.  protensum  are  thin, 
being  like  the  living  species  in  texture,  whereas  ours  is  clearly  a  thick 
leaf  with  a  strong  nervation.  It  is  also  unlike  Z.  californicum^  from 
the  Auriferous  gravels. 

Locality, — Mascall  beds,  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Grant  County,  Oregon.  Collected  by  Knowlton  f^nd 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8534). 

LiQUIDAMBAK  sp.  if 
PI.  XII,  %.  4. 

The  collection  contains  one  leaf  that  apparently  belongs  to  Liquid- 
amber,  but  it  is  much  broken,  and  does  not  show  all  the  characters. 
This  example,  shown  in  PI.  XII,  fig.  4,  is  a  large  leaf,  five  or  possibly 
seven  lobed,  the  lower  lobes  ])eing  at  right  angles  with  the  midrib,  pro- 
ducing a  novel  truncate  base.  The  width  between  these  two  lobes  is 
nearly  14  cm.  The  margin  of  the  lolies  is  provided  with  numerous  fine 
teeth.  The  nervation  is  well  marked,  consisting  of  al>out  five  strong 
ribs,  which  radiate  from  the  top  of  the  petiole  and  presumably  end 
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in  the  tips  of  the  lobes.  E^h  is  provided  with  numerous  secondary 
branches,  and  from  the  larger  size  of  some  it  is  presumed  that  they 
supplied  lateral  lobes.     The  finer  nervation  is  that  of  Liquidambar. 

Locality, — White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality.  Collected  by  Knowlton  and  Merriam,  July,  1901 
(U.  S.  Nat.  Mus.,  No.  8545). 

Family  PLATANACE^. 
Platanus  aspera  Newb. 

Platanu«  ahpera  Newb.,  Prot-.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  509,  1883;  Later  Extinct 
Floras,  p.  102,  PI.  XLII,  figs.  1-3;  PI.  XLIV,  fig.  5;  PI.  LIX,  fig.  3,  1898. 

The  types  of  this  species  are  befcu'e  me,  together  with  a  number  of 
more  or  less  fragmentary  examples  collected  later.  They  exhibit 
nothing  to  modify  the  views  originally  expressed  by  Newberry. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  Nos.  7079,  7081,  7082,  7083) 
and  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  3010). 

Platanus  Condoni  (Newb.)  Knowlton. 

Platanck  Condoni  (Newb.)  Knowlton  in  Merriani,  Univ.  Cal.,  Bull.   Dept.  Geo!., 

Vol.  II,  No.  9,  p.  289,  1901. 
Ficwif  Omdoni  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  512, 1883;  Later  Extinct  Floras, 

p.  85,  Vol.  LVI,  fig.  1;  PI.  LVIIl,  fig.  1,  1898. 

The  following  conclusions  are  based  on  all  of  the  original  types  of 
Newberry,  together  with  a  considerable  number  more  recently  col- 
lected, which  have  passed  through  Lesquereux's  hands.  Newberry, 
as  evidenced  by  the  question  mark  placed  after  the  genus  as  well  as 
the  discussion  in  the  Later  Extinct  Floras,  was  in  doubt  as  to  the  i"ef- 
erencc  of  these  tine  leaves  to  the  genus  Ficus,  and  Lesquereux 
referred  them  without  hesitation  to  Plutanus  hasilohata.  That  it 
should  be  placed  in  the  genus  Platanus  is  certain,  but  that  it  should  be 
referred  to  Professor  Ward's  species  is  not  quite  so  clear.  After  a 
careful  examination  of  the  types  of  Plutantts  hasil^jibata  and  consultation 
with  their  author,  I  can  but  conclude  that,  although  close,  there  are 
sufficient  diflferences  to  warrant  keeping  them  apart,  at  least  for  the 
present.  The  basal  lobes  in  P.  hasilobata  are  uniformly  larger,  and  in 
most  cases  several  times  the  size  of  those  in  the  form  under  discus- 
sion, and,  moreover,  they  appear  to  be  always  deeply  lobed  in  the 
former  and  entire  in  the  latter.  Assuming  that  the  evolutional  ten- 
dency is  to  get  rid  of  these  large  stipular  organs,  as  suggested  in  the 
living  P,  <fcci(lrr}tallH^  the  Bridge  Creek  form  would  represent  a  more 
recent  and  higher  developed  stage  than  1\  hdsilobata^  a  supposition 
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borne  out  by  the  relative  ages  of  the  beds  in  which  they  are  found. 
In  size  of  blade,  configuration  of  margin,  and  in  nervation  the  two 
forms  are  practically  identical. 

LocaHtfes, — Bridge  Creek,  (irant  County,  Oregon.  Collected  by 
Kev.  Thomas  Condon  (Newberry's  types,  U.  S.  Nat.  Mus.,  Nos.  7079, 
7085)  and  Maj.  Charles  H  Bendire  (U.  S.  Nat.  Mus.,  Nos.  2892,  2898). 
Officer's  ranch,  lower  end  of  Butler  Ita^sin.  Collected  b\'  Dr.  John 
C.  Merriam,  July  22,  19ol  (U.  S.  Nat.  Mus.,  No.  920H-9208). 

Platanus  NOBiiJs^  Newb. 

Platanum  nobiijs?  Nowb.     lxis<]uen»ux,  Prm*.  T'.  S.  Nat.  Mum.,  Vol.  XI,  p.  19,  1888. 

The  material  from  Van  Horn's  ranch  contains  a  single  very  large 
leaf  which  Lesquereux  identified  with  this  species.  This  particular 
specimen  lacks  most  of  the  margin,  but  as  nearly  as  can  be  made  out 
it  was  five-lobed  and  entire,  or  at  most  only  undulate  on  thi^  margin. 
In  size  it  must  have  been  more  than  25  cm.  long  and  23  cm.  or  more 
broad.  The  petiole  is  preserved  entire  and  is  8  cm.  long  and  7  mm. 
thick  at  the  point  of  attachment  to  the  branch  and  4  mm.  thick  in  the 
middle.  The  nervation  of  the  leaf  is  strong.  The  margin  not  having 
been  preserved  it  is  hard  to  be  positive  of  this  determination,  vet,  all 
things  considered,  it  is  possibly  correct,  although  the  petiole  is  stronger 
than  I  remember  to  have  seen  in  this  species.  Additional  material 
must  be  awaited  for  satisfactory  settlement. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  ))y  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2538). 

Pi^TANUs  ACEROiDEs?  ((joppcrt)  Hecr. 

Platanus  ackroides  ((Tnpi>ert)  Heer.     Le8<iuereiix,  Proc.  V .  S.  Nat.  Mus.,  Vol.  XI, 
p.  19,  PI.  V,  fig.  7,  1888. 

The  two  examples  identified  by  Lesquereux  as  this  species  are  very 
unlike  in  size,  the  smaller — the  one  figured — being  4  cm.  long  and  a 
little  more  than  8.5  cm.  broad,  while  the  larger  one  is  11  or  12  cm. 
long  and  13  cm.  or  more  broad.  I  am  uncertain  as  to  the  correctness 
of  this  identification.  They  do  have  somewhat  the  appearance  of 
various  leaves  that  have  been  referred  to  this  species,  but  they  also 
differ.  There  is  not  a  sufBcient  amount  of  material,  however,  to  war- 
rant attempting  to  j^-operly  characterize  them  as  new.  I  have  there- 
fore retained  them  as  above,  with  the  mark  of  interrogation  after  the 
specific  name. 

Locality, — Van  Horn's  ranch,  al)Out  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2535). 

Bull.  204—02 5 
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P1ATANU8  sp. 

PUitanus  Raynoldfdi  Newberry.     Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  ]>.  19, 
1888. 

This  identification  rests  on  two  fragments  of  very  large  leaves  that 
are  not  in  my  opinion  well  enough  preserved  to  warrant  specific  deter- 
mination. They  can  hardly  belong  to  P.  Raynoldni^  as  Lesquereux 
has  stated,  nor  do  they  seem  to  be  parts  of  either  P.  nohUtH  or  I\ 
dCiTOtd^.     Just  what  they  are  I  am  unable  to  say  at  present. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,No.  2539). 

Family  ROSACEA. 

(yRAT^GUS   FLAVESCKNS   Newb. 

PI.  X,  fig.  1. 

CRATiEGi's  FLAVESCKNS  Newb.,  Proc.   U.  S.  Nat.  Mus.,  Vol.  V,  p.  507,  1883;  Later 

Extinct  Floras,  p.  112,  PI.  XLVIII,  fig.  1,  1898. 
Myrica  divermfolia  Leaq.,  Cret.  and  Tert.  Fl.,  p.  241,  PI.  L,  fig.  10,  188:3. 

I  have  before  me  as  1  write  the  type  of  Newberry's  Cratce<jn.Htl<fves- 
ceiis  (U.  S.  Nat.  Mus.,  No.  7088)  and  a  part  of  Lesquereux\s  types  of 
his  Myrica  diccvHlfolla  as  described  first  from  Florissant,  Colorado. 
The  type  of  the  Bridge  ('reek  example  referred  by  Lesquereux  to  J/. 
direrHt folia  (op.  cit.,  PI.  L,  fig.  10)  is  in  the  paloontological  collection 
of  the  University  of  California,  where  I  have  seen  it,  and  there  can 
be  no  doubt  of  its  absolute  identity  with  Ncwberrj^'s  Cratmjus  fnves- 
cdiHoi  prior  date,  and  I  have  so  referred  it.  In  regard  to  the  status 
of  the  Florissant  specimens^'  I  am  somewhat  in  doubt.  The  National 
Museum  collection  does*  not  appear  to  contain  all  of  the  figured 
examples  and,  judging  from  the  figures  alone,  it  would  seem  that  they 
represent  more  than  one  species.  Figs.  7,  8,  11,  12,  and  14  are 
seemingly  identical  with  the  Bridge  Creek  species,  yet  they  show  a 
tendency  to  have  sharpiy  toothed  lobes,  a  condition  not  often  present 
in  the  former  species.  In  the  absence  of  a  sufficient  amount  of  mate- 
rial (these  leaves  appear  to  be  rare  in  the  Bridge  Creek  collections)  it 
has  seemed  best  to  leave  it  for  future  settlement. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  and  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus., 
No.  8489).  Type  of  Lesquereux's  fig.  10,  op.  cit.,  in  Mus.  Univ.  Cal., 
No.  1757. 

Crat^gus  impahilis  n.  sp. 

PI.  X,  fig.  2. 

Leaf  semicoriaceous,  roughly  ovate  in  outline,  very  obtusely  wedge- 
shaped  at  base,  palmately  three-ribbed,  primarih^  three-lobed,   but 

aCrct.  and  Tert.  Fl.,  p.  148.  PI.  XXV,  figs.  e-16. 
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ultimately  seven-lobed;  lateral  lobes  of  same  size,  separated  from  cen- 
tral lobe  by  sharp,  deep  sinuses,  rather  obtuse  at  apex,  each  with  a 
single,  small,  obtuse  lateral  lobe;  central  lobe  much  the  larger,  lance- 
olate, three-lobed  at  apex,  secondary  lobes  short  acute;  margin  of 
lobes  undulate  or  obscurely  dentate;  the  three  ribs  of  about  the  same 
size,  the  central  or  midrib  with  about  six  pairs  of  alternate,  thin  sec- 
ondaries, two  of  which  enter  the  lateral  lobes;  lateral  ribs  with  several 
pairs  of  thin,  irregular  secondaries,  two  of  which  are  slightly  larger 
and  enter  the  side  lobes;  finer  nervation  producing  a  regular,  deeply 
impressed  network. 

The  leaf  figured,  the  only  one  found,  is  3  cm.  long  and  about  2  cm. 
wide.  It  is  seven-lobed,  but  only  three-ribbed,  the  lower  lobes  each 
have  a  small  side  lobe,  and  the  main  centml  lobe  a  small  lobe  on  each 
side.  The  length  of  the  lower  lobes  from  the  sinus  is  a])out  1  cm. 
that  of  the  middle  lobe  from  the  sinus  is  1.75  cm.  The  configuration 
of  the  margin  and  the  nervation  are  well  shown  in  the  figure. 

This  species  appears  to  find  its  closest  affinity  with  Cratcegns  -ftaves- 
ceiis  Newb.  ,^  or  Myrmi  dirersifolia^  as  it  was  later  called  l)y  Lesque- 
reux.*  The  leaf  from  Bridge  Creek,  i*ef erred  by  Lesquereux  to  his 
Myrica  dliH^mfolla^  is  certainly  the  same  as  Newberry's  Crafse^uHflaves- 
cenn^  and  certain  of  the  Florissant  leaves  appear  to  be  the  same,  but 
1  am  under  the  impression  that  at  least  two  species  are  represented  in 
the  latter  material. 

The  leaf  under  consideration  differs  in  a  number  of  particulai*s  from 
the  Bridge  Creek  specimens.  Thus  it  is  deeply  three-lobed  with  each 
lateral  lobe  provided  with  a  small  lobe,  whereas  the  Bridge  Creek  speci- 
mens are  usually  rathcn*  evenlv  lobed  throughout.  The  ribs  in  the 
new  form  are  three  in  number  and  arise  at  the  top  of  the  petiole.  In 
the  other  species  the  leaf  is  not  palmately  ribbed,  but  is  provided  with 
secondaries,  even  the  lowest  pair  of  which  arise  from  the  midrib  well 
above  the  base  and  pass  to  the  lobes.  The  margin  of  these  latter  spec- 
imens inclines  to  1x3  more  crenulate.  One  specimen  is  perhaps  closer 
in  shape  to  one  of  the  Florissant  leaves,''  but  it  differs  in  the  nei*vation 
In  the  same  manner  as  do  the  other  examples. 

LiK'nlity,  —White  hill  half-mile  cast  of  original  Van  Horn's  ranch 
locality.  Collect<*d  by  Knowlton  and  Merriam,  July,  1901  (U.  S. 
Nat.  Mus.,  No.  8513.)' 

Prunus^  Mkrriami  n.  sp. 

PI.  XI,  fig8.  2,  3,  (),  7. 
Prunw  n.  sp.,  Knowlton  in  Merriam,  T'niv.  Cal.,  Bull.  Dept.  (Teol.,  Vol.  II,  No.  9, 
p.  309,  1901. 

Leaves  coriaceous,  ovate  in  shape,  apparently  abruptly  rounded  and 
truncate  at  base,  obtusely  acuminate  at  apex;  margin  finely  serrate, 


o Later  Extinct  Floms,  p.  112,  PI.  XLVIII,  Ar.  1. 

bCrot.  and  Tcrt.  Fl.,  p.  241,  PI.  L,  f\g.  10.    This  spetries  was  also  describe*!  and  fiKured  from 
Floriwwnt,  Coloiwlo,  idem.  p.  14K,  PI.  XXV.  figs.  6-15. 
«-Idem,  Pl.XXV.fig.il. 
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the  teeth  of  nearly  equal  size,  obtusely  pointed;  midrib  ver^^  thick, 
esf)ecially  below;  secondaries  aliout  ton  pairs,  mostly  strong,  alternate 
or  a  few  opposite,  arising  nearly  at  a  right  angle  on  one  side  and  at  an 
angle  of  about  20^  or  25  on  the  other,  strongly  camptodrome,  arch- 
ing far  below  the  margin  and  joining  the  secondary  next  above  by 
a  broad  loop,  with  a  series  of  loops  on  the  outside  from  which  nervilles 
enter  the  teeth;  nervilles  numerous,  strong,  irregular,  often  broken, 
producing  large  areas  which  are  filled  b^'  a  very  regular  fine  network. 

The  type  of  this  specicns  is  nearly  4  cm.  in  length  and  is  a  little  more 
than  2.5  cm.  in  width.  It  appears  to  have  been  a  rather  thick  leaf, 
ovate  in  shape,  with  a  finely  serrate  margin,  a  thick  midrib,  and  about 
ten  pairs  of  strong,  camptodrome  secondaries,  which  divide  and  arch 
far  inside  the  margin. 

While  I  am  not  absoluteh'  certain  that  this  leaf  should  properly  be 
referred  to  Prunus,  it  agrees  so  closely  in  a  general  way  with  various 
living  species  of  this  genus  that  it  has  been  tentatively l^laced  under  it. 
It  is,  for  instance,  very  similar  to  certiiin  forms  of  P,  vlrglnlana.,  P. 
deniima^  etc.  It  is  also  quite  like  some  species  of  Cydonia,  as  C. 
japo7nca^  the  flowering  quince,  but  it  is  hardly  likely  that  this  genus 
was  natural  to  this  country.  In  any  case  the  species  is  a  well  marked 
one  and  can  readily  be  identified  as  a  stratigraphic  mark. 

This  species  is  named  in  honor  of  Dr.  John  C.  Merriam,  of  the  Uni- 
versity of  California. 

Locality, — Van  Horn's  i*anch,  about  12  miles  west  of  Mount  Vernon, 
Gmnt  County,  Oregon.  Collected  by  Merriam's  expedition  of  1900 
(Mus.  Univ.  Cal.,  Nos.  886,  887)  and  by  Knowlton  and  Merriam,  1901 
(U.  S.  Nat.  Mus.,  No.  8514). 

Prunus  f  tufacea  n.  sp. 

PI.  XI,  %.  4. 

Prunus  n.  sp.,  Knowlton  in  Memani,  Univ.  Cal.,  Bull.  Dept.  (ieoL,  Vol.  II,  No.  9, 
p.  309,  1901. 

Ijeaves  semicoriaceous  in  texture,  elliptical  or  elliptical-obovate, 
slightly  unequal  sided,  rather  abruptly  wedge  shaped  at  base,  and 
similarly  narrowed  at  apex;  margin  finely,  sharply,  and  evenly  serrate 
throughout;  petiole  thick  and  strong;  midrib  rather  thick,  especially 
below;  secondaries  about  eight  or  nine  pairs,  opposite  in  the  lower 
portions,  alternate  above,  arising  at  an  angle  of  about  30^  or  less  and 
camptodrome,  forking  well  below  the  margin  and  joining  the  one  next 
above  by  a  broad  loop,  and  apparently  with  thin  nervilles  passing  to 
the  teeth;  nervilles  strong,  mainly  broken;  finer  nervation  producing 
minute  areolae. 

These  leaves  are  al)Out  3.5  cm.  long  and  2  cm.  broad.  The  thick 
petiole  is  over  1  cm.  long.  The  marginal  teeth  are  fine,  regular,  and 
sharp  pointed. 
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These  leaves  nmy  belong  to  the  preceding  species,  but  as  they  differ 
in  a  number  of  minor  particulars  it  has  seemed  best  to  keep  them  sepa- 
rate. They  are  elliptical  or  slightly  elliptical-obovate  instead  of  ovate, 
the  teeth  are  finer,  more  regular,  and  evidently  sharper  pointed,  and 
the  secondaries  are  at  a  stronger  angle  of  divergence. 

Ij>callty.  —Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Merriam's  expedition  of  1900. 
(Type  in  Mus.  Univ.  Cal.,  No.  885.) 

Family  MIMOSACE^E. 
Acacia  oregoniana  Lesq. 

Acacia  oregoniana  l.esq.,  Proc.  U.  S.  Nat.  Mas.,  Vol.  XI,  p.  14,  PL  V,  fig.  4,  1888. 

The  type  specimen  with  its  counterpart  still  remains  unique. 

Locality, — Van  Horn's  much,  South  Fork  of  John  Day  River,  12 
miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2412). 

Family  C^SALPINACE^  ? 
Cassia  ?  sp.  Newb. 

CA8SIA?  8i>.,  Newb.,  Later  Extinct  Floras,  p.  113,  PI.  XLVI,  fig.  10,  1898. 

The  type  of  this  form  is  before  me  and  it  requires  but  a  glance  to 
see  that  the  drawing  does  not  correspond  accurately  with  the  speci- 
men. Judging  from  the  drawing  alone  it  would  seem  to  represent  a 
small  leguminous  pod  with  faint  depressions  corresponding  to  the 
places  occupied  by  the  seeds.  The  outer  surface  is  represented  as 
uniform  and  unmarked.  The  specimen  itself  does  not  show  any  evi- 
dence of  the  presence  of  seeds,  and  the  outer  surface  is  strongly 
marked  with  close  pamllel  lines  which  are  oblique  to  the  long  direction 
and  which  completely  cross  it  from  side  to  side.  I  do  not  understand 
this  structure,  and  while  it  may  represent  a  small  pod  it  is  hardly 
probable  that  it  is  a  Cassia. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7093). 

Family  SIMARUBACE^. 

AlLANTHUS  OVATA   Lcsq. 

AiLANTHTTs  OVATA  Lesq.,  Cret.  and  Tert.  Fl.,  p.  254,  PI.  LI,  figs.  7,  8,  1883. 

The  type  specimens  only  are  known.  I  have  examined  these  speci- 
mens, l)oth  being  preserved  on  the  same  piece  of  matrix.  The  figure 
of  the  branch  shows  the  buds  much  clearer  than  they  appear  on  the 
specimen,  but  it  is  perhaps  correctly  referred.     The  samaras  are 
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described  by  Lesquereux  as  being  rounded  at  one  end  and  acute  at 
the  other.  An  examination  shows  that  the  bluntness  described  is  due 
to  the  ends  of  one  or  two  being  broken  or  covered  by  matrix,  while  in 
one  well  preserved  both  ends  are  similar  and  acute. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
C.  D.  Voy.     (Types  in  Mus.  Univ.  Cal.,  Nos.  1765,  1766.) 

Family  ANACARDIACEJE. 

Rhus  Bendirei  Lesq. 
Rhus  Bendirei  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  15,  PI.  IX,  fig.  2,  1888. 

The  type  material  consisted  of  the  example  figured  and  another 
specimen  with  its  counterpart.  The  figured  specimen,  it  will  be 
noted,  is  oblanceolate  in  shape,  about  10.5  cm.  in  length,  3.5  cm.  in 
width  at  the  broadest  point,  and  is  narrowly  wedge-shaped  below  and 
acuminate  above.  Lesquereux  regarded  this  as  the  terminal  leaflet 
and  decided  that  the  other  specimen  represented  a  lateral  leaflet  of 
the  same  species.  Of  this  latter  he  sa\'s:  ''To  this  I  refer  a  small, 
oblong-lanceolate  leaflet,  rounded  in  narrowing  rapidly  to  the  point 
of  attachment,  very  short-petioled,  and  areolation  identical."  This 
is  much  smaller,  being  only  6  cm.  in  length  and  2.5  cm.  in  greatest 
width,  and  while  it  looks  at  first  quite  different,  may  belong  to  it. 
The  collection  made  by  Dr.  John  C.  Merriam  in  1900  contains  two 
sf)ecimens  like  the  smaller  leaflet. 

Locality. — Van  Horn's  ranch.  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected 
by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2582). 

Rhus  ?  sp.  Lesq. 
PL  XIV,  fig.  6. 

The  original  collection  by  Bendire  contains  a  fragment  of  the  base 
of  a  leaf  or  leaflet  that  was  referred  by  Lesquereux  to  Rhus,  but  was 
not  included  in  his  published  list  of  species.  It  is  impossible  to  make 
out  the  whole  outline,  but  it  seems  to  have  been  obovate  with  a 
broadly  wedge-shaped,  uneciual-sided  base.  The  margin  appears  to 
have  })een  provided  with  small,  sharp  teeth.  The  nervation  consists  of 
a  comparatively  thick  midrib  and  quite  a  number  of  thin  secondaries, 
those  on  the  broader  side  of  the  blade  being  at  a  right  angle  and  those 
on  the  narrower  side  at  an  angle  of  about  40^.  They  are  apparently 
camptodrome. 

It  is  clearly  unsafe  to  attempt  comparisons  between  this  specimen 
and  other  known  species. 

Locality, — Van  Horn's  ranch.  al>out  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  8550). 
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Family  CELASTRACE^.. 

Celahtrus  dignatus  n.  sp. 

PI.  XI,  fig.  5. 

Leaves  raembranaceous,  elliptical,  or  slightly  obovate-elliptical  in 
shape,  truncate,  or  very  obtuse  and  somewhat  unequal-sided  at  base, 
tiiincate  at  apex;  margin  coarsely  toothed,  the  teeth  obtuse,  upward 
pointing;  petiole  short  and  thick;  midrib  thick;  secondaries  about  10 
pairs,  alternate,  at  a  low  angle,  cravspedodrome,  passing  to  the  marginal 
teeth;  nervilles  numerous,  mainly  unbroken,  at  right  angles  to  the 
secondaries;  finer  nervation,  producing  numerous  small,  irregularly 
quadrangular  meshes. 

Several  specimens  represent  this  species,  all  being  of  about  the  same 
size.  They  are  in  general  elliptical-obovate,  very  obtusely  wedge- 
shaped  or  truncate  at  base  and  rounded  at  apex.  They  are  4  cm.  in 
length  and  3  to  3.5  cm.  in  width.  The  petiole,  preserved  in  only  one 
example,  is  5  mm.  long  and  2  mm.  thick  at  the  point  of  attachment. 
The  toothed  margin  and  characteristic  nervation  are  well  shown  in 
the  figures. 

This  species  seems  to  have  some  affinity  with  Celdstms  in^ualis 
Knowlton  ^  from  the  Fort  Union  beds  in  the  Yellowstone  National 
Park.  This  differs,  however,  in  being  a  much  larger  leaf,  toothed 
only  above  the  lower  third  of  the  blade,  the  teeth  being  also  more 
obtuse.  The  general  appearance  of  the  two  species,  however,  is 
strikingly  similar. 

Locality, — Mascall  beds.  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Grant  County,  Oregon.  Collected  by  Knowlton  and 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8539). 

Celastrus  confluens,  n.  sp. 
Pi.  II,  figs.  1-3. 

Leaves  membranaceous,  elliptical  in  shape,  wedge-shaped  and  slightly 
unequal-sided  at  base,  obtuse  but  not  truncate  at  apex ;  margin  toothed, 
the  teeth  quite  large,  sharp  pointed;  midrib  strong;  secondaries,  about 
twelve  pairs,  mainly  alternate,  at  an  angle  of  about  45 "^  on  one  side  of 
the  blade  and  nearly  a  right  angle  on  the  other,  camptodrome,  arch- 
ing very  near  the  margin  or  forking  and  sending  bi^anches  to  the 
teeth;  nervilles  and  finer  nervation  as  in  the  last  species. 

This  form  is  represented  by  several  quite  perfect  leaves,  which  may 
possibly  belong  to  the  last  species,  but  they  are  much  larger  and  are 
unaccompanied  by  examples  of  intermediate  size,  so  that  it  has  seemed 
best  to  give  them  tentatively  a  new  name.  The  best  preserved 
example,  which  is  also  the  largest,  is  9  cm.  long  and  5  cm.  wide.    The 

aMon.  U.  S.  «eol.  Surv.,  PI.  XCVIIl,  llg.  3. 
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smallest  example  was  apparently  about  8  cm.  long  and  is  a  little  over 
4  cm.  wide. 

Locality, — Mascall  beds,  Van  Horn^s  ranch,  about  12  miles  west  of 
Mount  Vernon,  Grant  County,  Oregon.  Collected  by  Merriam  and 
Knowlton,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8578). 

Family  ACERACE^.. 

Acer  Osmonti  n.  sp. 
PI.  XIII,  fig.  3. 

Leaf  membranaceous,  five-lobed  from  the  top  of  the  petiole,  lower 
pair  of  lobes  small,  at  right  angles  to  the  midrib,  other  pair  large,  at 
an  angle  of  45^  with  the  midrib;  central  lobe  evidently  largest  of  all 
(mainly  destroyed);  all  lobes  irregularly  toothed  and  lobed,  the  loljes 
sharp  pointed;  petiole  very  long  and  strong;  nervation  palmately 
five-ribbed,  the  ribs  ending  in  the  main  lobes,  each  with  several  pairs 
of  alternate  secondaries  which  emerge  at  an  acute  angle  and  terminate 
in  the  teeth  of  small  lateral  lobes;  nervilles  numerous,  rather  thin, 
mainly  percurrent  and  crossing  approximately  at  right  angles  to  the 
secondaries;  finer  nervation  producing  rather  large  areolae. 

The  genus  Acer  seems  to  be  quite  mre  in  the  Bridge  Creek  beds, 
although  abundantly  represented  in  the  Mascall  beds  at  Van  Horn's 
ranch  and  vicinity.  All  that  I  have  thus  far  seen  is  the  leaf  here 
described,  a  fragment  of  another,  and  less  than  half  a  dozen  fruits. 
The  one  under  consideration  lacks  the  major  portion  of  the  central 
lobe  and  the  terminal  portion  of  one  of  the  large  lateral  lobes.  It 
spreads  about  8  cm.  between  the  points  of  the  lower  lobes  and  about 
11  cm.  between  the  points  of  the  larger  lobes.  The  length  of  the  leaf 
can  not  be  determined,  but  it  can  hardly  have  been  less  than  9  or  10  cm. 
The  petiole,  very  thick  and  stout  for  the  size  of  the  blade,  has  4  cm. 
of  its  length  retained  and  was  evidently  somewhat  longer. 

This  leaf  has  a  very  modern  appearance,  much  more  so,  in  fact, 
than  the  forms  found  in  the  Mascall  beds.  It  suggests  at  once  the 
sugar  maple  {Aver  saccharum  Marshall)  of  the  East  and  is  not  greatly 
unlike  small  leaves  of  A,  iimcrojyhyUum  Pursh,  the  common  maple  of 
the  west  coast. 

This  species  is  named  in  honor  of  Mr.  V.  C.  Osmont,  of  the  Univer- 
sity of  California,  who  collected  it. 

Locality, — Bridge  Creek,  Oregon.  Collected  by  Merriam's  party 
in  1900.  (Type  in  Mus.  Univ.  Cal.,  No.  2505.)  The  fmgmentary  leaf 
above  described  is  No.  8488  in  the  U.  S.  Nat.  Mus.  It  was  collected 
by  Condon. 
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Acer  sp.,  Knowlton, 

PL  XIII,  figs.  1,  2. 

Acer  sp.,  Knowlton,  in  Merriani,  Univ%  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9,  p. 
289,  1901. 

A  fragment  of  a  small,  three-lobed  leaf  showing  a  portion  of  the 
base,  one  lateral  lobe,  and  a  part  of  the  central  lobe.  The  length 
appears  to  have  been  about  5  cm.  and  the  width  between  the  lobes 
about  5.5  cm.     It  is  coai*sely  toothed. 

Another  fragment  from  the  same  locality  has  the  base  with  a  short 
portion  of  the  petiole  pre^served.  It  appears  to  be  the  same  as  the 
other. 

Locality — One  and  one-half  miles  east  of  Clarnos  Ferry.  Collected 
by  Merriam's  expedition  of  1900.  Types  in  Mus.  Univ.  Cal.  Nos. 
900,  932. 

Acer  Bendirei  Lesq.  / 

Acer  Bendirei  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  14,  PI.  V,  fig.  5;  PI.  VI,  fig. 

1;  PI.  VII,  fig.  1;  PI.  VIII,  fig.  1,  1888. 
Arir  trilobdtum  prodiuium  (Al.  Br.)  Heer.  Lesquereux,  Cret.  and  Tert.  Fl.,  p.  253, 

PI.  LIX,  figs.  1,  2,  4  (non  fig.  3,  which  is  Platanus  dissecta  Lesq.). 

This  species,  as  may  be  seen  from  the  above  synonymy,  was  fii*st 
regarded  by  Lesquereux  as  referable  to  the  European  A,  trilohatum 
prodiictinn^  but  later  was  raised  to  full  specific  rank.  This  name  was 
also  applied  to  several  leaves  from  Carbon,  Wyoming,^  but  they  are 
clearl}^  not  the  same  as  those  under  consideration.  In  the  Cretaceous 
and  Tertiary  Floms  (p.  253),  Lesquereux  records  the  specimens  under 
discussion  as  coming  from  ''Curi-ant  Creek,  John  Day  Valley,  Oregon." 
This  is  in  error,  as  the  types  are  preserved  in  the  paleontological 
collection  of  the  University  of  California  (Nos.  1797,  1797a,  1797b), 
and  are  seen  at  once  to  have  come  from  Van  Horn's  ranch.  They 
are  in  the  characteristic  white  volcanic  tuff,  and  not  the  hard,  brownish 
matrix  of  the  Current  Creek  deposits.* 

Locality. — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  12 
miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Original  mate- 
rial collected  by  C.  D.  Voy  about  1870  (Mus.  Univ.  Cal.,  Nos.  1797, 
1797a,  1797b);  since  cx)llected  by  Maj.  Charles  E.  Bendire  (U.  S.  Nat. 
Mus.,  No.  2418),  Dr.  John  C.  Merriam  (Mus.  Univ.  Cal.,  Nos.  850, 
851),  and  F.  H.  Knowlton  (U.  S.  Nat.  Mus.,  Nos.  8940-8948). 

aTert.  Fl.,  p.  261,  PI.  XLVIII,  figs.  2.  3a,  1878. 

ftOn  PI.  LIX  of  the  Cri'Uiccous  and  Tertiar>'  Floras,  Lesquereux  jrivesfour  figures  which  he  refers  to 
Acer  trilobatitm  proiludum  (now  A.  Bendirei),  and  all  the  specimens  arc  said  to  be  from  the  same 
locality,  namely,  **CurTjint  Creek,  Oregon."  This  is  in  error  in  rcgani  to  fig.  3,  the  original  of  which 
is  preserved  with  theothers  in  the  Paleontological  Collection  of  the  University  of  California  (No.  1835) . 
This  fragment  was  found  to  fit  into  and  form  a  part  of  the  same  individual  that  is  figured  in  the 
Auriferous  gravel  flora  (PI.  V,  fig.  3)  under  the  name  of  Aralia  Zaddachit  Heer.  And  further  it  was 
found  that  wlu'n  m)  fllie<l  together  they  prcxiuce  a  leaf  thot  must  be  referred  U>  IHatanut  di«9ecta. 
The  locality,  plainly  marked  on  the  back  of  each  fragment,  is  Table  Mountain,  California. 
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Acer  dimorphum  Lesq. 

Acer  DiMORPHUM  Lewj.,  Pnx-.  U.  8.  Nat.  Mus.,  Vol.  XI,  p.  15,  PI.  IX,  fig.  1,  1888. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (C  S. 
Nat.  Mus.,  No.  2415). 

Acer  Merriami  n.  sp. 

PI.  XIV,  fig.  7. 

Acer  n.  sp.,  Knowlton  in  Merriani,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  Xo.  9, 
p.  309,  1901. 

Leaf  coriaceous  in  texture,  palmately  deeply  three  lobed,  the  lobes 
broad,  roughly  ovate  in  shape,  of  approximately  the  same  size,  lateral 
lobes  at  a  low  angle  with  the  central  lobe;  all  margin  coarsely  and 
irregularly  toothed,  being  provided  with  low,  irregular,  mostly  sharp- 
pointed  teeth;  petiole  long,  very  thick;  midrib  thick,  with  six  or  more 
pairs  of  alternate,  strong  secondaries  which  end  in  the  large  teeth  of 
the  central  lobe,  and  have  smaller  branches  which  pass  to  other  mar- 
ginal teeth;  lateral  ribs  nearl}'  as  strong  as  the  midrib,  at  a  low  angle, 
each  with  about  seven  pairs  of  alternate  secondaries  passing  to  the 
large  teeth,  and  those  on  the  lower  side  especially  with  short  branches, 
which  end  in  marginal  teeth;  nervilles  numerous,  thin,  mainly  percur- 
rent  and  at  right  angles  to  the  secondaries;  finer  nervation  forming  a 
rather  coarse,  irregularly  quadrangular  network. 

The  example  figured  is  the  only  one  that  has  thus  far  been  found. 
It  is  a  large,  deeply  three-lobed  leaf  about  12  cm.  long,  exclusive  of 
the  petiole  (of  which  2.5  cm.  in  length  is  preserved),  and  about  14  cm. 
broad.  All  three  lobes  are  of  approximately  the  same  size,  and  all 
are  irregularly  toothed,  the  margin  being  provided  with  low,  shaip- 
pointed  teeth.     The  nervation  is  beautifully  preserved. 

Maples  are  abundant  in  these  beds,  and  many  leaves,  fruits,  and 
branches  have  been  obtained.  The  leaf  under  consideration  is  markedly 
diflferent  from  Acer  Rrndlrel^  which  is  perhaps  the  most  a))undant 
species  present,  but  may  possibly  be  a  very  broad,  coarsely  toothed 
form  of  A,  duuorpKuin,  The  latter  species  is  described  by  its  author 
as  being  prolonged  at  base  into  two  small  lobes  which  open  like  wings 
on  each  side  of  the  midrib.  The  lateral  ribs,  therefore,  arise  at  some 
distance  above  the  top  of  the  petiole  in  the  broad,  basal  portion  of  the 
blade.  In  the  leaf  before  me  there  is  no  indication  of  the  basal  lobes 
that  are  so  conspiuous  in  A,  dhnorphum^  and  the  ribs  appear  to  arise 
at  the  top  of  the  petiole  and  at  the  very  base  of  the  blade.  Further, 
the  lobes  are  doubly  dentate — that  is,  have  large,  irregular  teeth  or 
lobes,  the  margins  of  which  are  provided  with  low  teeth.  Therefore 
it  seems  most  logical  to  regard  them  as  distinct,  at  least  for  the  present. 
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This  Hpecies  is  not  greatly  unlike  some  forms  of  Acer  trllubatum 
trlcmpidatiun  Heer"  of  the  Swiss  Miocene. 

I  take  great  pleasure  in  naming  this  species  in  honor  of  Dr.  John  C. 
Merriam,  who  has  done  so  much  for  the  paleontology  of  this  region. 

Locality, — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Gmnt  County,  Oregon.  Collected 
by  Men-iam's  expedition  of  19(X).     (Type  in  Mus.  Univ.  Cal.,  No.  869.) 

Acer,  branches  of? 
AcKR,  branches  of?    Leequereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  15,  1888. 

A  number  of  bmnches  supposed  to  belong  to  some  species  of  Acer, 
but  it  is  quite  impossible  to  determine  which  one. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2418). 

Acer  oregonianum  n.  sp. 

PI.  XIII,  fig.  5-8. 

Acer,  fruits  of,  Lesquereux,  Proc.  U.  8.  Nat.  Mus.,  Vol.  XI,  p.  15,  PI.  VI,  figs  2,  3, 

1888. 

Fruits  long  and  broad-winged,  the  wing  l>eing  evidently  very  thick 
and  provided  with  numerous  strong  v^eins;  nucleus  large,  round,  show- 
ing broad  truncation  where  attached  to  the  sister  fruit. 

This  form  is  so  very  abundant  in  all  collections  from  these  beds  and 
admits  so  readil}^  of  separation  that  I  have  ventured  to  give  it  a  name. 
It  of  course  represents  the  fruit  of  one  of  the  sf)ecies  founded  on 
leaves  that  are  also  abundant  in  all  collections,  but  thus  far  no  fruit 
has  been  found  attached  to  or  even  approximate  to  a  leaf,  and  until 
so  found  it  is  more  convenient  to  be  able  to  refer  to  the  fruits 
independently. 

These  fruits  are,  with  the  exception  of  that  of  Acer  glgas  (supra,  p. 
76),  the  largest  ones  found  in  these  beds.  They  range  in  length  from 
3.5  to  4.5  cm.  The  wing  is  unusually  broad,  being  not  infrequently 
1.75  cm.  wide.  It  is  tilled  with  numerous  strong  veins,  which  are  given 
off  from  the  axis  of  the  f mit  in  groups  or  bundles. 

As  Lesquereux  has  well  suggested,  these  fruits  most  closely  resem- 
ble those  of  the  living  Acer  macrophyllum  Pursh,  the  large-leaved 
maple  so  common  on  the  Pacific  coast;  in  fact,  they  are  hardly  to  be 
distinguished. 

Locality, — Abundant  in  Mascall  beds  at  Van  Horn's  ranch  and 
vicinity.  All  collectors  have  obtained  it.  Types  of  Lesquereux's  fig- 
ures in  U.  S.  Nat.  Mus.,  No.  2417.  Types  of  figures  in  this  paper 
collected  by  Knowlton  and  Merriam,  July,  1901,  in  U.  S.  Nat.  Mus., 
Nos.  8494-8497. 


«  Fl.  Tort.  Hi'lv..  Vol.  HI,  PI.  CXIl,  fig.  3. 
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Acer  medianum  n.  sp. 
PL  XIV,  figs.  4,  5. 

Fruit  large,  lanceolate  in  shape;  wing  relatively  narrow,  filled  with 
thin  veins;  nucleus  round  or  oblong,  the  scar  of  attachment  to  its  sister 
fruit  very  oblique. 

This  provisional  species  is  represented  by  the  two  examples  figured. 
The  smaller  is  4.25  cm.  long  and  has  the  wing  1  cm.  wide;  the  other  is 
4.75  cm.  long  and  has  a  wing  1.25  cm.  wide. 

It  is  possible  that  there  are  merely  very  large  fruits  of  the  following 
species,  as  they  are  of  approximately  the  same  shape,  but  there  are  no 
intermediate  specimens,  and  I  have  preferred  to  keep  them  separate 
for  the  present. 

Locality, — Figure  4,  the  smaller,  is  from  the  original  Van  Horn's 
ranch  locality;  the  other  is  from  the  white  hill,  one-half  mile  east  of 
the  first  locality.  Collected  by  Knowlton  and  Merriam,  July,  1901 
(U.  S.  Nat.  Mus.,  Nos.  8498,  8499). 

Acer  minor  n.  sp. 
PL  XIV,  a^.  2,  3. 

Acer,  fruite  of,  I>e8quereux,  Proc.  U.  S.  Nat.  Mu8.,  Vol.  XI,  p.  15,  PI.  VII,  fig.  2, 

1888. 

Fruits  of  small  size,  similar  in  shape  to  the  preceding  sjx^cies; 
length,  2.5  cm.,  width  of  wing,  8  mm. 

As  already  stated,  this  may  be  the  same  as  the  preceding  form,  but 
the  specimens  are  so  much  smaller,  and  moreover,  as  there  are  no 
intermediate  specimens,  it  has  seemed  best  to  regard  them  as  distinct. 

Inasmuch  as  three  spe(;ies  have  been  differentiated  in  these  beds, 
based  on  leaves,  it  is  natural  to  suppose  that  the  fruits  might  also 
show  differences,  In  any  case  it  would  seem  easy  to  recognize  the 
three  forms  of  fruits  here  descrilxjd. 

Locality, — White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality.  Grant  County,  Oregon.  Collected  by  Knowlton  and 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  8500,  8501). 

Acer  gigas  n.  sp. 
PI.  XIV,  i\^.  1. 

Fruit  of  enormous  size,  very  narrow;  wing  of  nearly  similar  width 
throughout,  filled  with  numerous  but  mther  fine  veins;  nucleus  very 
large,  elliptical  in  shape. 

This  fine  species  is  represented  thus  far  by  the  single  example 
figured,  with  its  counterpart.  It  is  a  very  long,  narrow  fruit,  9.5  cm. 
in  length  and  only  about  1.5  cm.  in  width.  The  nucleus  or  seed 
proper  is  large,  being  2  cm.  in  long,  and  nearly  1  cm.  in  short,  diameter. 
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The  scar  where  it  was  attached  to  its  sister  fruit  is  oblique  and  very 
long. 

I  know  nothing  either  living  or  fossil  to  which  this  fruit  can  be 
compared. 

LiM-ality, — Gulch  1  mile  northeast  of  Belshaw's  ninch,  Gmnt 
County,  Oregon.  Collected  })y  Knowlton  and  Merriam,  July,  1901 
(LT.  S.^Nat.  Mu8.,  No.  8502). 

liui^o  (^RATi*:(;iFOLiUM  n.  sp. 
PI.  XVI,  fig.  7. 

Leaf  coriaceous,  trifoliolate  or  very  deeply  three-lobed,  lateral  leaf- 
let (or  lobe)  roughly  ovate-lanceolate  in  shape,  irregularly,  deeply 
cut  into  toothed  lol>es  or  large  teeth  near  the  apex,  wedge-shaped  at 
base,  acuminate  at  apex;  middle  lejiflet  (or  lobe)  much  smaller  than 
the  lateral  ones,  narrowly  ovate-lanceolate,  long,  wedge-shaped  below, 
very  acuminate  at  apex,  margin  coarsely  toothed;  nervation  of  leaf- 
lets (or  lobes)  consisting  of  a  strong  midrib  and  several  fHiirs  of  alter- 
nate rather  thin  secondaries  \Vhich  end  in  the  lobes  or  teeth;  finer 
nei*vation  not  preserved. 

This  species  is  represented  only  by  the  specimen  figured,  and  this 
unfortunately  is  not  suflSciently  well  preserved  fully  to  reveal  its 
chamcter.  It  is  presumably  trifoliolate,  but  may  be  only  deeply 
three-lobed.  The  larger  leaflet  is  assumed  from  its  position  to  be  a 
lateral  one,  the  middle  one  being  much  smaller.  This  lateral  leaflet 
is  5.5  cm.  in  length,  and  2.75  cm.  in  width  between  the  larger  lobes. 
The  central  leaflet  is  4  cm.  long  and  1.25  cm.  in  width.  Both  are 
sessile. 

Owing  to  the  poor  state  of  preservation  it  is  not  possible  to  fix  the 
position  of  this  leaf  with  certainty.  In  most  trifoliolate  leaves,  if  the 
leaflets  differ  in  size,  the  middle  one  is  usually  the  larger.  In  this 
case  the  larger  leaflet  of  our  specimen  is  the  lateral  one,  and  it  is 
assumed  to  be  lateral  because  it  curves  away  from  the  smaller  one  and 
has  a  curved  midrib,  whereas  the  smaller  one  is  erect  and  has  a  straight 
midrib. 

With  the  limitations  set  by  the  imperfections  of  the  specimen  it  is 
ptn'haps  unwise  to  attempt  comparisons  between  it  and  described  forms, 
yet  a  few  of  these  may  be  suggested.  Thus  the  larger  leaflet  is  not 
greatl}'  unlike  Crating uj^  averi folia  Lesq.,^  from  Florissant,  Colorado, 
which  itself  is  probably  the  same  as  a  part  at  least  of  the  leaves 
described  as  Mijrha  divfrslfoUa  I^esq.,*  from  the  same  locality.  These 
are  all  long  petiolod,  showing  them  to  })e  leaves  and  not  leaflets, 
whereas  ours  is  sessile,  showing  that  it  is  probably  a  leaflet. 

aCxei.  and  Tert.  Fl..  p.  198,  PI.  XXXVI,  fig.  10.  bidem,  p.  146,  PI.  XXV,  figs.  6-16. 


Digitized  by 


Google 


78        FOSSIL   FLORA    OF   THE   JOHN    DAY    BASEN,   OREGON,      [bcll.204. 

If  we  assume  the  larger  leaflet  to  be  the  central  one  of  a  trifoliolate 
leaf,  it  certainly  suggests  one  of  the  specimens  described  b}'  Lesque- 
reux  as  Rhus  UilVii^,^  also  from  Florissant.  However,  the  other  speci- 
mens classed  with  this  one  make  it  extremely  improbable  that  ours 
is  the  same.  I  have,  therefore,  assumed  that  it  belongs  to  Rulac  (for- 
merly Negundo),  the  well-known  box  elder,  but  it  must  remain  for 
future  collections  to  settle  the  question. 

Locality, — Van  Horn's  much,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Knowlton  and  Merriam,  July, 
1901  (U.  S.  Nat.  Mus.,  No.  8533). 

Family  HIPPOCASTANACE^. 

^SCULUS   SIMULATA   n.   sp. 
PI.  XV,  figs.  1,  2. 

Leaflets  leather  membranaceous  in  texture,  broadly  obovate-lanceolate 
in  shape,  somewhat  unequal-sided,  long,  wedge-shaped  at  base,  leather 
abruptly  rounded  above  to  an  apparently  accuminate  apex;  margin 
minutely  and  regularly  serrate  throughout  except  for  a  short  distance 
just  alove  the  base;  midrib  very  thick;  secondaries  numerous,  about 
15  pairs,  alternate,  close,  mainly  parallel,  forking  or  breaking  up  into 
two  or  three  branches  near  the  margin  and  ending  in  the  teeth,  occa- 
sionally camptodrome,  with  fine  branches  on  the  outside  which  enter 
the  teeth;  nervilles  numerous,  thin,  mainly  percurrent,  oblique  to  the 
secondaries;  finer  nervation  producing  minute  irregular  areola*. 

This  fine  species  is  represented  by  several  examples,  two  of  the  l)est 
being  figured.  As  all  are  separate  leaflets,  it  is  impossible  to  deter- 
mine their  arrangement.  They  are  short-petioled  if  not  quite  sessile. 
The  smaller  of  the  figured  specimens  has  6  cm.  of  its  length  preserved 
and  was  probably  between  8  and  9  cm.  long  when  perfect.  It  is  4  cm. 
wide.  The  larger  specimen  has  above  9  cm.  of  its  length  preserved 
and  is  6  cm.  wide.*    The  entire  length  was  probably  about  15  cm. 

This  species  seems  very  close,  indeed,  to  both  ^Exculus  oetandra  and 
jE.  (jlnhra^  well-known  living  species  of  the  eastern  United  States. 

Loadlty, — White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality.  Collected  by  Knowlton  and  Merriam,  July,  1901  (U.  S. 
Nat.  Mus.,  Nos.  8519,  8520). 

Family  SAPINDACE^. 

Sapindus  Merriami  n.  sp. 
PI.  IX,  fig.  5. 

Coriaceous  in  texture,  leaflets  ovate  in  shape,  obtusely  wedge-shaped 
at  base,  obtuse  at  apex,  alternate  on  the  rachis;  margin  entire;  midrib 


uCret.  and  Tert.  Fl.,  p.  194,  PI.  XU.,  fig.  14  only. 
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thin,  straight;  secondaries  few,  thin,  alternate;  finer  nervation  not 
preserved. 

The  single  example  figured  is  all  that  (*an  with  certainty  be  referred 
to  this  form.  It  consists  of  a  portion  of  the  upper  part  of  a  rachis 
with  two  leaflets,  neither  of  which  is  the  terminal  one.  The  lateral 
ones  are  alternate  and  obtusely  ovate  in  shape. 

This  species  resembles  certain  of  the  smaller  examples  referred  to 
S.  obtvsifolin^i  Lesq.,^  and  may  possibly  be  this,  but  it  is  smaller  and 
has  a  thinner  secondary  nervation. 

Locality. — Bridge  Creek,  Oregon.  Collected  for  the  University  of 
California.     Type  in  Mus.  ITniv.  Cal.,  No.  2506. 

Sapindus  obtusifolius  Lesq. 

Sapindus  oBTiTsiFOLU's  Lesq.,  Tert.  FL,  p.  266,  PI.  XLIX,  figs.  10,  11,  1878;  Cret 
and  Tert.  FL,  p.  2a5,  PI.  XLVIII,  figs.  5-7,  1883. 

A  single  example  that  seems  to  belong  to  this  somewhat  variable 
species.  It  is  more  like  the  examples  figured  from  the  Green  River 
group,  having  the  narrow  shape,  thick  midrib,  and  very  short  petiole 
of  those. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Merriam's  expedition  of  1900 
(Mus.  Univ.  Cal.,  No.  892). 

Sapindus  angustifolius?  Lestj. 

Sapindus  ANOUFTiFOLirs  l^esq.,  Proc.  V.  8.  Nat.  Mus.,  Vol.  XI,  p.  15,  1888. 

The  single  example  referred  by  Lesquereux  to  this  species  remains 
unique.  I  should  incline  to  place  it  in  Salix,  yet,  as  it  is  obscurely 
preserved,  I  have  permitted  it  to  remain  as  above,  but  have  questioned 
the  correctness  of  the  reference. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Colle<»ted  by  Maj.  ('harles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2698). 

Sapindus  orecjonianus  n.  sp. 

PI.  XV,  fig.  3. 

Leaflet  coriaceous  in  texture,  elliptical  or  elliptical-ol)ovate,  very 
unequal-sided  Pt  l>ase,  apex  destroyed;  margin  perfectly  entire;  petiole 
short,  thick;  midrib  very  thick;  secondaries  thin,  about  twelve  pairs, 
emerging  at  a  low  angle,  parallel,  cam{)todrome,  each  arching  and 
joining  the  one  next  above;  nervilles  very  irregular,  producing  large 
areas  between  the  secondaries,  which  are  tilled  by  the  very  tine  ulti- 
mate nervation. 


<i  l^rt.  Fl.,  p.  266,  PI.  XLIX,  flgs.  »-U,  1878. 
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The  only  specimen  referred  to  this  species  lacks  the  upper  jx>rtion. 
It  appears  to  have  been  about  5  cm.  in  length  and  nearly  3  cm.  in 
width,  with  a  petiole  4  mm.  long.  The  nervation  is  well  shown  in  the 
figure. 

I  at  first  inclined  to  refer  this  to  Sapludu^  (Mtt^iifoltuH  I^scj./'  which 
has  been  found  southeast  of  Green  River  station,  Wyoming,  in  beds 
supposed  to  be  "  Washakie''  in  age,  and  also  in  the  Fort  Union  beds 
of  Montana  and  North  Dakota.  It  has  alx>ut  the  same  size  and  shape, 
although  perhaps  rather  elliptical  than  ovate.  The  principal  differ- 
ence is  in  the  secondaries,  these  being  more  numerous  at  a  lower  angle 
of  divergence  and  less  curved  upward.  The  disposition  of  the  nervilles 
is  much  the  same  in  l)oth.  However,  the.se  two  species  are  close,  and 
possibly  a  series  of  specimens  would  show  them  to  be  identical. 

Locality, — Mascall  beds.  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Gmnt  County,  Oregon.  Collected  by  Knowlton  and 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8538). 

Family'RHAMNACE.1^:. 
Rhamnus  Cleburni?  Lesq. 
RHAMirrB  Cleburni  Lesq.,  Tert.  Fl.,  p.  280,  PL  LIII,  figs.  1-3,  1878. 

The  collections  made  by  Merriam's  expedition  contain  a  single 
broken  specimen  that  may  belong  to  this  species,  but  it  is  only  the 
upper  portion  of  the  blade,  and  it  is  impossible  to  identify  this  speci- 
men with  certainty  in  the  absence  of  the  basal  portion.  It  seems  to  be 
this  species,  however. 

Locality, — Cherry  Creek,  Cook  County,  Oregon.  Collected  by 
Merriam's  expedition  in  1000  (Mus.  Univ.  Cal.,  No.  180). 

Rhamnus  Eridani  linger. 

RiiamKuh  Eridani  IJnger.  Newberry,  Later  Extinct  Floras,  p.  118,  PL  XLVIII, 
fig.  7,  1898. 

lAmility, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  1)103). 

Family  TILIACE.E. 
Grewia  crenata  (Unger)  Heer. 

Grkwia  crenata  (Tnger)  Heer,  Fl.  Tert.  Helv.,  Vol.  HI,  p.  42,  PI.  CIX,  figs.  12-21; 
PI.  CX,  figs.  1-11,  ia59;  Ward,  Types  of  the  Laramie  Flora,  p.  85,  PI.  XXXIX, 
fig.  1, 1887;  Newberry,  Later  Extinct  Floras,  p.  120,  PI.  XLVI,  fig.  2;  PL  XLVII, 
figs.  2,  3,  1898  (1899). 

Paliurus  cohmbi  Heer.     Lesquereux,  Pro<'.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  1ft,  1888. 

frretria  crenata  was  tirst  found  in  this  area  at  Bridge  Creek,  and 
the  specimens  figured  by  Newberry,  as  well  as  a  number  of  others 


a  Tert.  Fl.,  p.  266,  PI.  XLIX,  figs.  H-11,  1878. 
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since  obtained,  are  before  me.  They  not  only  agree  among  themselves 
but  quite  closely,  indeed,  with  the  figures  of  this  species  given  by  Heer. 
There  can  be  no  reasonable  doubt  as  to  their  identity. 

A  number  of  specimens  have  been  found  in  the  Mascall  beds  at  Van 
Horn's  ranch  and  vicinity  that  must  also  be  referred  to  Grewla  ere- 
nata.  The  single  example  referred  by  Lesquereux  to  Paliurus 
colombl  probably  belongs  here,  although  it  is  very  much  like  certain 
forms  of  Pojndm  Zaddachi  from  the  Auriferous  gravels  of  California. 
The  leaves,  three  in  number,  from  the  Mascall  beds  are  a  little  nar- 
rower than  those  from  Bridge  Creek,  and  are  somewhat  more  deeply 
cordate  or  auriculate  at  base,  but  the  differences  are  not  suflScient  to 
warrant  sepai'ating  them. 

Locality, — Bridge  Creek,  Oregon.  Collected  by  Rev.  Thomas 
Condon  (U.  S.  Nat.  Mus.,  Nos.  7077,  7078,  7079)  and  Ma j.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  No.  9532).  Mascall  beds.  Van  Horn's  ranch 
and  vicinity.  Collected  by  Major  Bendire  (U.  S.  Nat.  Mus.,  No.  2542) 
and  by  Knowlton  and  Merriam  July,  1901  (U.  S.  Nat.  Mus.,  Nos. 
8990,  8991). 

Grewia  auriculata  Lesq. 
Grewia  auriculata  Lesq.,  Cret.  and  Tert.  FL,  p.  252,  PI.  LV,  fig.  1,  1883. 

This  species  appears  to  rest  on  the  single  example  figured  as  the 
type.  None  of  the  recent  collections  contain  it,  although  there  are  a 
number  of  specimens  of  G,  crenata. 

The  type  of  G.  auriculata  should  be  in  the  University  of  California, 
but  it  can  not  now  be  found.  If  it  has  been  correctly  figured  it  seems 
to  be  very  different  from  the  other  leaves  of  Grewia  found  in  the  same 
beds,  although  it  may  be  only  an  abnormal  form  of  that  species. 

jMcality.—l&r\AgQ  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon. 

Family  ARALIACE^. 
Aralia  DiGiTATA  Ward. 

Aralia  digit at^  Ward.     Lesquereux,  Prtx'.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  20,  PI.  XI, 
fig.  4, 1888. 

Locality.— Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2424). 

Arai.ia  sp.  i 

ArnUavoUitn  I^esq.,  Prf>o.  IT.  S.  Nat.  Mus.,  Vol.  XI,  p.  20.  1888. 

The  collection  contains  the  example  referred  to  Aralia  notata  by 
Lesquereux  and  a  fragment  of  the  l>ase  of  another.     There  is  hardly 

Bull.  204—02 6 


Digitized  by 


Google 


82        FOSSIL   FLORA    OF   THE   JOHN    DAY    BASIN,   OREGON.       [bull.2M. 

BuflSeient  data  to  warrant  placing  them  in  this  species,  and  until  further 
material  can  be  obtained  it  seems  best  to  leave  them  as  above  indicated. 
Locality, — Cherry  Creek,  Crook  County,  Oregon.     Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  2426,  2430). 

Aralia  ?  sp.  Knowlton. 
PI.  XVI,  %.  8. 

Aralia  ?8p.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  (4eol.,  Vol.  II,  No.  9,  p. 
289,  1901. 

A  fragment  of  what  appears  to  be  the  upper  part  of  a  lobe  of  an 
Aralia.  It  has  an  entire  margin  and  alternate,  much  curved,  rather 
thin  secondaries. 

This  may  be  the  upper  portion  of  a  single  leaf  like  Juglans,  but  on 
the  slab  appears  more  like  Aralia  If  this  latter  view  be  true,  its 
form  can  only  be  conjectured. 

Locality, — Three  miles  above  Clarnos  Ferry.  Collected  by  Mer- 
riam's  expedition  of  19(X)  (Mas.  Univ.  Cal.,  No.  912). 

Aralia  sp.,  Knowlton. 

Plate  XV,  fig.  4. 

Aralia  Bp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  289,  1901. 

The  fragmentary^  upper  portion  of  a  large  leaf,  showing  portions  of 
three  lobes.  The  lobes  are  some  5  or  fi  cm.  in  length  and  about  3  cm. 
in  width.     They  appear  to  be  without  teeth. 

It  is  impossible  to  tell  from  this  fragment  what  it  is.  It  may  be 
the  upper  portion  of  a  modemte  sized  leaf  of  Aralid  Whitney l  Lesq. 

Locality, — Three  miles  above  Clarnos  Ferry.  Collected  by  Merri- 
am's  expedition  of  1900  (Mus.  Univ.  Cal,  No.  913). 

Aralia  Whitneyi?  Lesq. 

Arama  Whitneyi  I^esq.,  Foss.  PI.  Aurif.  (iravel,  p.  20,  PI.  V,  %.  1,  1878;  Proc.  U.  S. 
Nat.  Mus.,  Vol.  XI,  p.  16,  1888. 

The  early  collection  from  Van  Horn's  ranch  contained  a  single 
example  that  Lesquereux  referred  with  some  doubt  to  this  species, 
and  the  later  collection  also  contains  a  single  specimen  which  I  assume, 
to  belong  here.  It  is  a  smaller  leaf  than  the  figured  type,  which  is 
itself  much  smaller  than  the  normal-sized  leaves,  and  naturally  has 
shorter  lobes,  l)ut  it  can  hardly  be  anything  else. 

Locality, — Van  Horn's  ranch,  al>out  12  miles  we^t  of  Mount  Vernon, 
Grant  County.  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (V,  S. 
Nat.  Mus.,  No.  2429).  Smaller  specimen  obtained  by  Merriam's  expe- 
dition in  1900  (Mus.  Univ.  Cal.,  No.  845). 
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Family  CORNACEiE. 

CoRNUS  FEROX?  linger. 

CoRNr8  FEROX  Ung^er.     Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  21,  1888. 

A  single  much-broken  example  is  all  that  was  found.  Its  identifi- 
cation is  extremely  doubtful,  and  is  permitted  to  stand  simply  for  the 
purpose  of  calling  attention  to  the  fact  that  there  is  present  in  these 
beds  a  large  leaf  that,  while  resembling  Corymb  ft^rox^  is  of  practically 
unknown  aflSnity.  For  purposes  of  correlation  it  is  obviously  of  no 
value. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2452). 

Family  ERICACE^. 
Andromeda  crassa  Lesq. 

PI.  XVI,  fig.  3. 
Andkomeda  crasha  I.«e8q.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  16,  1888. 

This  species  has  not  before  been  figured.  It  still  rests  on  the  type 
specimen. 

Locality.~N^\\  Horn's  ranch,  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8511). 

Family  EBENACE^. 
DiosPYROS  ALASKANA  Schimpcr. 

DiosPYRos  ALASKANA  Schimpcr,  Pal.  V^g.,  Vol.  II,  p.  949,  1872. 
Dioftptjrm  landfolia  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  21,  1888. 

Represented  by  the  upper  portions  of  two  leaves  only;  probably 
correctly  identified. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire.     (U.  S.  Nat.  Mus.,  No.  2461.) 

DIOSPYROS   ELLIPTICA    n.  sp. 
PI.  XVI,  fig.  5. 

Leaf  coriaceous  in  texture,  elliptical  in  shape,  rounded  at  base  to  the 
short  petiole,  very  obtuse  at  apex;  midrib  very  thick;  secondaries 
four  or  five  pairs,  thin,  alternate,  at  an  angle  of  about  45**,  campto- 
drome  arching  and  joining  well  inside  the  margin  with  a  tine  mesh 
outside;  intermediate  secondaries  occasional;  finer  nervation  produc- 
ing an  irregular  network. 
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Of  this  species  I  have  only  seen  the  leaf  figured.  It  is  elliptie^il  in 
outline,  very  obtuse  at  apex,  and  rounded  at  hase.  It  is  3.25  cm.  in 
length  to  the  petiole,  which  is  less  than  3  mm.  long  and  2  cm.  in  width. 
The  nervation  consists  of  a  very  thick  midrib  and  some  four  or  five 
pairs  of  alternate  thin  secondaries  which  arch  and  join  some  distance 
from  the  margin. 

This  species  has  the  nerv^ation  of  living  American  species  of  Dios- 
pyros,  but  is  more  obtuse  at  apex  than  is  usual  in  these  leaves. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Knowlton  and  Merriam,  July, 
1901,  (U.  S.  Nat.  Mus.,  No.  8556). 

Family  OLEACE.1^:. 
Fraxinus  integrifolia  Newb. 

Fraxinus  integrifolia  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  509.  1883;  Later 
Extinct  Floras,  p.  128,  PI.  XLIX,  figs.  1-3,  1898. 

This  species  is  represented  in  all  the  collections  from  Bridge  Creek 
b}'^  a  large  number  of  examples  which  agree  exactly  with  Newberry's 
types.  When  the  lower  surface  of  the  leaves  is  exposed  the  nervation 
shows  clearly,  but  when  the  upper  surface  is  the  one  exposed  it  is 
impossible  to  detect  a  trace  of  the  nervation.  This  shows  conclusively 
that  the  leaves  were  very  thick  and  coriaceous.  The  upper  surface  is 
also  minutely  wrinkled,  as  would  be  the  case  with  a  thick,  leathery 
leaf.  From  these  considerations  I  am  inclined  to  doubt  the  correct- 
ness of  referring  them  to  Fraxinus,  but  for  the  present  they  may  l>e 
so  retained. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  Nos.  7062,  70J^0)  and  Maj. 
Charles  E.  Bendire  (U.  S.  Mus.,  Nos.  7062,  70D0). 

Fraxinus  denticulata  Heer? 

Fraxinus  denticilata  Heer?    Newl)erry,  I^ter  Extinct  Floraa,  p.  128,  PI.  XLIX, 
fig.  6,  1898. 

More  or  less  doubt  still  attaches  to  this  form. 

Locality. — Bridge  ("reek.  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon. 

INCERT.E  SEDES. 

PlIYLLITES   WASCOENSIS  I^sq. 

PiiYLi.iTEH  WAscoKNsis  Ix^sc}.,  pFoc.  V.  S.  Niit  MuH.,  Vol.  \  I,  p.  22,  PI.  XIV,  fijr.  3, 

1888. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2iV^?,). 


Digitized  by 


Google 


KNowLTON.]  DESCRIPTION    OF   SPECIES.  85 

Phyllitks  sp. 

PI.  XVII. 

The  recent  material  from  Cherry-  Creek  contains  the  single  frag- 
ment figured,  which  is  just  sufficient  to  show  that  a  leaf  of  immense 
size  was  present  in  these  beds.  It  is  a  segment,  evidently  from  near 
the  middle  of  the  blade,  showing  a  width  of  at  least  22  cm.  Apparently 
little  or  none  of  the  margin  is  retained. 

So  little  of  this  leaf  is  preserved  that  it  is  impossible  to  conjecture 
as  to  its  affinity. 

Locality, — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Knowlton  and  Merriam,  July,  1901. 

PlIYLLITES  OREOONIANUS   n.  sp. 

PI.  XVI,  fig.  1.   . 

PhyllUes  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  I)ept.  GeoL,  Vol.  II,  No.  9, 
p.  mS,  1901. 

Leaf  of  firm  texture,  lanceolate,  narrowly  wedge-shaped  at  base, 
acuminate  at  apex;  margin  perfectly  entire;  midrib  very  thin;  sec- 
ondaries very  thin,  about  eight  pairs,  alternate,  arising  at  an  acute 
angle  and  much  curving  upward,  camptodrome;  nervilles  few,  obscure; 
finer  nervation  not  preserved. 

The  example  figured  is  al>out  0.5  cm.  long  and  about  1.5  cm.  wide. 
Another  much- broken  example  was  apparently  about  the  same  length, 
but  was  nearly  3  cm.  broad.  It  has  the  same  kind  of  secondaries  and 
has  the  nervilles  better  preserved,  these  being  usually  broken. 

I  am  uncertain  as  to  the  affinities  of  this  little  leaf,  although  in  some 
respects  it  suggests  Cornus. 

Locality, — Three  and  one-half  miles  south  of  Lone  Rock,  Gilliam 
County,  Oregon.  Collected  by  Merriam's  expedition  of  1900  (Mus. 
Univ.  Cal.,  No.  1334). 

Phyllites  bifurcies  n.  sp. 

PI.  XVI,  fig.  2. 

Leaf  coriaceous,  ovate  or  ovate-elliptical  in  shape,  abruptly  rounded 
at  base  (apex  destroyed),  with  a  single  triangular-lanceolate,  acuminate 
basal  lobe;  margin  otherwise  coarsely  toothed,  the  teeth  sharp,  point- 
ing upward;  petiole  short,  strong;  midrib  very  strong  below,  becom- 
ing very  thin  above;  secondaries  numerous,  thin,  somewhat  irregular, 
ending  in  the  lobe  and  marginal  teeth;  finer  nervation  not  retained. 

The  curious  leaf  figured  is  apparently  all  that  is  represented  of  this 
form.  It  was  apparently  between  7  and  8  cm.  in  length,  exclusive  of 
the  petiole,  nearly  1  cm.  long,  and  is  4.5  cm.  broad  between  the  tip  of 
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the  long  lobe  and  the  opposite  of  the  lilade.  The  major  part  of  the 
l)lade  is  only  3  cm.  broad.     The  single  basal  lol>e  is  2  cm.  long. 

This  leaf  presents  a  very  curious  appearance  with  the  long,  sharp- 
pointed  lobe  on  one  side,  and  it  is  quite  possible  that  it  is  an  abnormal 
example  perhaps  of  some  well-known  form.  If  it  is  the  normal  form, 
it  is  certainly  one  that  will  be  readily  recognizable  in  future.  Its 
aflSnity  is  obviously  in  doubt.  If  it  were  not  for  the  presence  of  the 
single  basal  lobe  it  might  perhaps  be  referred  to  Betula,  but  1  do  not 
know  any  species,  either  living  or  fossil,  with  which  it  can  be  satisfac- 
torily compared. 

Locality, — White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality,  12  miles  west  of  Mount  Vernon,  Gi'ant  County,  Ore- 
gon. Collected  by  Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat. 
Mus.,  No.  8537). 

Phyllitks  inexpectans  n.  sp. 

PI.  XVI,  fig.  6. 

Leaf  evidently  coriaceous,  obovate-lanceolate  in  shape,  narrowed 
below,  obtuse  and  rounded  at  apex;  margin  perfect^  entire;  petiole 
long,  very  strong  for  the  size  of  the  leaf:  midrib  also  very  strong; 
other  nervation  obscure. 

This  form  is  represented  by  the  example  figured.  It  is  narrowl}' 
obovate-lanceolate  in  outline,  3.25  cm.  long  and  9  mm.  \Yide  at  the 
broadest  part,  which  is  near  the  upper  extremity.  The  petiole  is 
6  nmi.  long.  Unfortunately  nothing  of  the  nervation  except  the  thick 
midrib  is  preserved. 

This  leaf  resembles  quite  closely  certain  of  the  leaves  referred  to 
Que7*cu8  convexa  Lesq.,^  from  the  Auriferous  gravels  of  California. 
These  leaves  are  uniformly  thick  and  coriaceous,  yet  the  nervation 
shows  distinctly  in  all  cases.  Our  leaf  is  apparently  no  thicker,  yet 
has  no  trace  of  the  nervation  beyond  the  midrib.  The  petiole  in  Q. 
caiiveica  is  uniformly  short,  whereas  in  the  leaf  under  discussion  it  is 
several  times  longer,  being  al)out  one-fourth  the  length  of  the  blade. 

On  the  whole,  this  leaf  is  perhaps  closest  to  PhyllUes  ohscurus 
Knowlton,*  from  the  Payette  formation  of  Idaho.  This  latter  spe- 
cies, however,  is  elliptical-lanceolate  or  slightly  ovate-lanceolate,  while 
ours  is  distinctly  obovate-lanceolate.  The  petiole  and  midrib  are  simi- 
lar, and  both  also  lack  details  of  nervation.  Perhaps  a  larger  series 
might  show  them  to  grade  together. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Ver- 
non, Grant  County,  Oregon.  Collected  by  Knowlton  and  Merriam, 
July,  1901  (U.  S.  Nat.  Mus.,  No.  8547). 

aFoss.  PI.  Aurlf.  (iravel,  p.  4,  PI.  I,  Aks-  1J^17:  Civt.  and  Ttrt.  Fl.,  p.  265,  PI.  XLV,  figs.  5,  6. 
«» Eighteenth  Ann.  Kept.  U.  H.  Geol.  Surv.,  Pt.  Ill,  p.  735,  PI.  XCIX,  figs.  10,  U,  1JS9S. 
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Phyllites  person atus  n.  sp. 
Plate  XVI,  fig.  4. 

Leaf  evidently  thick  and  leatheiT  in  texture,  narrowly  obovate- 
lanceolate  in  shape,  long,  wedge-shaped  at  base,  acuminate  at  apex; 
margin  perfectly  entire;  midrib  very  thin,  almost  disappearing  above; 
secondaries  three  or  four  pairs,  very  thin  and  obscure,  the  two  lower 
pairs  close  together  near  the  base  of  the  blade,  at  an  acute  angle,  pass- 
ing up  for  a  long  distance,  camptodrome  and  apparently  joining  the 
one  next  above;  nervilles  obscure,  apparently  arising  at  an  acute  angle 
from  the  secondaries  and  soon  lost;  finer  nervation  not  satisfactorily 
discernible. 

The  single  specimen  figured  is  all  I  have  seen  of  this  form.  It  is  a 
small  leaf,  about  4.5  cm.  long  and  1.5  cm.  wide,  being  slightly  obovate- 
lanceolate  in  shape.  From  the  faint  impression  of  the  nervation  as 
well  as  the  wrinkled  appearance  it  is  inferred  that  the  leaf  was  of 
thick  and  leathery  texture. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8554). 

SPECIES  EXCLUDED  PROM  THIS  WORK. 

A  number  of  species  that  are  not  now  recognized  have,  at  one  thne 
or  another,  been  referred  to  the  various  beds  within  the  John  Day 
Basin.  The  reasons  for  excluding  each  are  set  forth  in  the  following 
list: 

Alnm  corrallinn  Lesq.,  Cret.  and  Tert.  Fl.,  p.  243,  PL  LI,  figs.  1-3,  1883.  The 
original  of  fig.  1  is  said  by  Lesquereux  to  be  from  "John  Day  Valley,  Oregon." 
This  specimen  is  No.  1944  of  the  paleontological  collection  of  the  University  of  Cali- 
fornia, and  is  from  south  of  Mount  Diablo,  California,  agreeing  with  others  from  the 
same  place,  and  l>eing  so  marked  on  the  back. 

Jielula  eUiptica  Saporta.  Lesq.,  Cret.  and  Tert.  Fl.,  p.  242,  PI.  LI,  fig.  6,  1883.  Said 
by  Lesquereux  to  l)e  from  **  John  Day  Valiey,  Oregon.**  It  is  No.  1760  of  the  paleon- 
tological collection  of  the  University  of  California,  and  is  from  south  of  Mount  Diablo, 
California. 

Belula parce-dentaia  Lesq.,  Cret.  and  Tert.  FL,  p.  242,  PL  L,  fig.  12,  188:1  Said  by 
Lesquereux  to  be  fnnn  **  John  Day  Valley,  Oregon.**  It  is  from  south  of  Mount 
Diablo,  California,  and  is  So.  1955  of  the  paleontological  collection  of  the  University 
of  California. 

Berchemia  mttltinerns  (Al.  Br.)  Ileer.  Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI, 
p.  16,  1888.  Not  found  in  the  collection  of  the  Unite<^l  States  National  Museum. 
Omitted  for  lack  of  evident^. 

Populvs  gliimlulifera  Heer.  I^^uereux,  Pn)c.  l^  S.  Nat.  Mus.,  Vol.  XI,  p.  18,  1888. 
A  single  broken  example  tiiat  it  is  imix)s«ible  to  identify. 

Quercus  loiichUU  Unger.  Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  22,  1888. 
Much  broken  and  im|)ossible  of  identification. 

Quercus  fraxinifolla  Lesfj.,  op.  cit.,  p.  22.     Discarded  for  same  reasons  as  the  last. 

Qnercnn  Olafseni  Ileer.  Lestiuereux,  op.  cit.,  p.  22.  Kejected  for  the  same  reason 
as  the  last  two. 


Digitized  by 


Google^ 


88         FOSSIL    FLORA    OF   THE   JOHN    DAY    BASIN,   OREGON,      [bull.  204. 

Juglarui  Leconteana  Lesq.,  op.  cit.,  p.  22.     Same  as  the  last. 

Juglans  (hmtictUata  Ileer.  Lesquereux,  op.  cit.,  p.  22.  Could  not  l)e  fouud  in  the 
collection  of  the  United  States  National  Museum. 

PtervtelegariJi'Sewh.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  503,  1883.  Not  recognized 
by  its  author  in  his  I-Ater  Extinct  Floras  and  specimens  now  lost,  so  far  as  known. 

LIST  OF  SYNONYMS. 

As  a  considerable  nunibei*  of  changes  in  the  names  and  disposition 
of  species  have  been  made  in  the  present  paper,  the  following  list  of 
changes  is  presented  for  the  convenience  of  users  of  previous  literature: 

Acer,  fruit  of,  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  15=/lccr  oregonianumy  n.  ftp. 

Acer trilobatum prodwtum  (Al.  Br.)  Heer.  Lcsq.,  Oret.  and  Tert.  Fl.,  PI.  LIX,  figs. 
1,  2, 4  =  Acer  Bendirei  Lesq. ;  fig.  S=Plat(tnm  dhsecla  Lesq. 

ArcUiapungens  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  10  =  Artocarpus  californicaf 
Knowlton. 

CarpintiH pgrarnidfilis  (Uopp.)  Heer.  Les<i.,  Proir.  V.  S.  Nat.  Mus.,  Vol.  XI,  p.  18  = 
Carpiniis  grandwf  linger. 

Carphm«^  involucre  of  =  Betahi  heteromorphn. 

Carya  elwiioides  (Ung.)  Heer.  Lesq.,  Proc.  U.  8.  Nat.  Mus.,  V'ol.  XI,  p.  \H  =  HicO' 
ria  elicnoides  (Ung. )  Knowlton. 

Casma  phaseoliksf  linger.  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  IH  =  Sal'ix 
Engelhard ti  Lesq. 

Cast/iwa  ojluvla  (Tnger.  I>es(i.,  Cret.  and  Tert.  Fl.,  p.  247,  PI.  LII,  fig.  2=  Qnerctis 
honmma  Ixisq. 

Dit/Hpyroni  lancl/olia  Ia*s(|.=  D,  aUishnm  Schimp. 

Ef/uiitetnm  Hornn  Les<i.=  E.  oregonense  Newb. 

Fagm  castwwirfoliaV nger.  Lesq.,  Proc.  U.  8.  Nat.  Mus.,  Vol.  XI,  p.  18=  Fagusf  sp. 

Ficu^f  Oondoni  Newb.=  PUdnnuH  Condoni  (Newb.)  Knowlton. 

FraxinvH  affinis  Ne\vb.=  (/tierciis  affirm  (Newb.)  Knowlton. 

Ilex  longifolia  Heer.  Lest].,  Pro<*.  V.  S.  Nat.  Mus.,  Vol.  XI,  p.  21  =  Juglans f  lien- 
direi  Knowlton. 

Juglans  hesperia  Knowlton  =  /.  oregoniana  Lesq. 

Laslrea  Knightiana  Newb.=  iMSlrea  Fischeri  Heer. 

Liquidambar  enropseum  Al.  Br.  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  14  = 
L.  europacum  patulum,  n.  var. 

Lygodium  neuropteroides  Lesq.  =  L.  Xmdfxmi  Heer. 

Marsilea  Bendirei  Ward  =  Hydrangea  Bendirei  (VVanl)  Knowlton. 

Myrica  diver  si  folia  Lesq.,  Cret.  and  Tert.  Fl.,  PI.  L.,  fig.  10=  Cratsegus  flavescens 
Newb. 

Myrica  Lessigiif  Lesi].,  Proc.  I'.  S.  Nat.  Mus.,  Vol.  XI,  p.  16  —  Artocarpus  califor- 
nica  f  Knowlton. 

Paliurus  colombi  Heer.  Lescj.,  Proc.  IT.  S.  Nat.  Mus.,  Vol.  XI,  p.  10  =  (ireuia  ere- 
nata  ( Unger. )  Heer. 

Platanus  Raynoldsii  Newb.  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  19  =  Platanussp. 

Populus  monodon  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  21  =  Magnolia  (Sdveri 
Knowlton. 

Populus polymorpha  Newb.,  in  part  =  Betula  heterodonta  Knowlton,  Quercus  pseudo- 
ainus  Ett.,  and  Quercus  oregoniana  Knowlton. 

Porana  Bendirei  (Ward)  ljeB(\.=  Hydrangea  Bendirei  (Ward)  Knowlton. 

Pteris  pinmrforimti  Heer.=  P.  pseudo-pinnieformis  Lest]. 

Pteris  snbsi mplex  I..esq.=  Asplenimn  suhaimplex  (I^sq.)  Knowlton. 

(^lercus  Breweri  Lesq.,  Cret.  and  Tert.  Fl.,  PI.  LIV,  fig.  9  =  Q.  ajffinis  (Newb.) 
Knowlton. 
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(^lercus  furcinervis  (Rossm.)  Unger.  Lesq.,  Proc.  IT.  S.  Nat.  Mus.,  Vol.  XI, 
p.  22  =  Q.  furcinervis  americana  Knowltx)n. 

Qiiercwt  pneudo-lynUa  acvtUobii  Lesq.,  Prm;.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  17  = 
Q.  pseudo-hfroUi  Lesq.  * 

Quercus pseudo-li/raUi  anffiistitolxi  Lescj.,  op.  fit.,  j).  17  ~Q.  Mtrriaml  Knowltoi 

C^ierctis panulo-lyrata  hrevifolia  Lesq.,  op.  cit.,  p.  18  =Q.  pseudo-lyrata  Lesq. 

Quercua pHeudo-bjrata  laiifolia  Lesq.,  op.  cit.,  p.  18  =Q.  pseudo-lyrata  Lesq. 

(^lercus  pseudo'lyrata  ohtu»ihba  I.<e8(j.,  op.  cit.,  p.  18  =Q.  pseudo-lyrata  Lesq. 

Rhus  Bendirei  Lesti-,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  15  (the  small  leaflet 
described)  =  /iw/tows  oregoniana  Les(j. 

Seqiuna  Nordenskuddii  Heer.  Lesq.,  Pro(\  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  19  =  S. 
angvMifolin  Lc»sq. 

Taxodium  distichum  mioceiium  I  leer.  Newberry,  I^ter  Extinct  Floras,  PI.  XL  VII, 
fig.  6  =  Sequoia  Ixiugsdorfii  (Brgt.)  Hcer. 

Ulmus  pseudo-americana  I^8q.=  V.  ttjteriosa  Newb. 

rimus  spedosa  Newb.,  I^ter  Extinct  Floras,  PI.  XLV,  figs.  5,  H  =  Ulmtuf  Newberryi 
Knowlton. 

DISCUSSION  OF  THE  FLORA 
STATISTICAL   VIEW. 

The  fossil  flora  of  the  John  Day  Basin,  as  set  forth  in  the  preced- 
ing pages,  is  seen  to  be  a  rich  and  interesting  one.  Although  the 
present  enumeration  comprises  all  that  is  now  known  regarding  the 
fossil  plants,  it  is  probably  still  far  from  complete,  as  every  collection 
contains  a  good  proportion  of  new  fonns.  But  as  it  is  in  a  measure 
a  type  locality,  it  has  seemed  proper  to  present  a  summary  of  exist- 
ing knowledge,  in  order  that  the  information  may  be  made  available 
for  use  in  contiguous  and  obviously  related  areas. 

The  following  table  has  been  prepared  for  the  purpose  of  bringing 
out  the  local  distribution  and  the  stratigraphic  relationships  of  the 
plants: 

Table  showing  distribution  of  species  in  the  John  Day  Ba»in^  Oregon. 
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An  exHinination  of  tho  table  shows  that  the  flora  as  at  present 
\uulorstiHKl  comprises  150  forms,  of  which  number  44  species  and  1 
variety  aiv  dejicrilxHl  lu*  new  tosciemv.  Of  the  remaining  numl^er  24 
are  forms  not  sjxvitii^ally  namtxl.  thus  leaving;:  81  species,  or  about  53 
per  ivnt,  of  previously  known  sjkhmcs. 
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The  following  tabic  shows  at  a  glance  the  number  of  forms  found 
at  each  of  the  localities: 

Table  nhovHng  the  numher  ofform^  at  each  bjralUij. 

Chiirant  Creek 3 

Cherry  Creek 20 

Bridge  Creek 46 

One  and  one-half  miles  east  of  Clamos  Ferry  3 

Three  miles  above  Clamos  Ferry 2 

One  and  one-half  miles  northeast  of  Fossil 3 

Three  and  one-half  miles  south  of  Lone  Rock 4 

Van  Horn's  ranch  and  vicinity 80 

Officer's  ranch 3 

From  this  it  appears  that  three  localities — namely,  Cherry  Creek, 
Bridge  Creek,  and  Van  Horn's  ranch  and  vicinity — afford  over  90  per 
cent  of  the  entire  flora. 

BIOLOGICAL   CONSIDERATIONS. 

As  alread}^  pointed  out,  the  present  woody  flora  of  the  John  Day 
Basin  is  inconsiderable,  consisting  of  pines  along  the  higher  ridges, 
occasional  junipers  along  the  lower  ridges,  and  a  scant  fringe  of  cotton- 
woods  and  willows  along  the  streams.  At  best  not  more  than  three 
families  are  represented.  The  fossil  flora,  on  the  other  hand,  is  a  rel- 
atively rich  one,  and  shows  especially  a  great  variety  of  woody  plants. 
Following  is  a  complete  list  of  families  represented: 


Schizjeacea?. 

Polypodiacese. 

Equisetacetr. 

Ginkj^oat^a?. 

Pinacea*. 

Graminete. 

Cyperacefe. 

Smilacea*. 

Salica^-ea'. 

Myricacea?. 

Juglandm-eip. 

Betulacea\ 

Fagaceo". 


Ulraaceae. 

Moracea?. 

Berberidaceae. 

Magnoliacese. 

Lauracea*. 

Hydrangeaceap. 

Hamamelidacea^. 

Platanaceii'. 

Rosacese. 

MimoHacea\ 

Ca?8alpinacea»? 

Siniarubaceic. 

Anacardiacete. 


Celastraceje. 

Aceracea©. 

H  ippocastanaceie. 

Sapindaceic. 

Rhamnacese. 

Tiliaceie. 

Araliat'ese. 

Cornaceee. 

Ericaceie. 

Ebenaceae. 

Oleaoeee. 


The  ferns,  judging  from  the  remains,  must  have  played  a  very 
inconspicuous  role  in  the  Tertiary  flora  of  this  region.  Two  families 
and  only  four  species  are  represented,  and  these  are  confined  to  a  sin- 
gle horizon.  They  are  also  few  in  individuals,  Lygodium  being  the 
most  abundant. 

AvSS(K*iated  in  the  same  beds  with  the  ferns  are  a  large  number  of 
individuals  of  an  Kquisetum,  all  of  which  have  iK^en  referred  to  a  sin- 
gle species  {E.  ongomm^e  Newb.).  The  confused  chamcter  of  the 
matrix  gives  no  indication  of  the  height  to  which  thfb  species  grew, 
but  it  must  have  been  conspicuous,  for  it  is  not  uncommon  to  find 
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stems  nearly  3  cm.  in  diameter;  the  majority  of  them,  however,  are 
considembly  .smaller.  The  only  other  Equisetum  is  a  small,  more  or 
less  doubtful  fragment  from  the  Maseall  beds,  not  enough  of  it  being 
preserved  to  convey  a  satisfactory  idea  of  its  size  and  appearance. 

Ginkgo  is  represented  in  the  highest  plant-bearing  beds  (Mascall)  by 
a  few  fragments  that  are  so  poorl}^  preserved  as  to  give  very  little 
idea  of  it  beyond  the  fact  that  it  appears  to  have  been  larger  leaved 
than  the  ordinary  leaves  of  the  living  species. 

The  Pinacea%  although  represented  by  four  genera  and  six  or 
seven  species,  could  hardly  have  been  a  ver}^  conspicuous  element  in 
the  Tertiary  flora  of  the  basin.  The  most  abundant  species  was  the 
widely  distributed  S('qu/)ia  Langsdorfii^  which  occurs  at  tive  of  the 
localities.  Associated  in  the  beds  at  Bridge  Cfeek  are  a  few  cones  of 
what  Lesquereux  has  called  Seqwna  Ileeril^  that  may  possibly  belong 
to  what  has  been  identified  as  S^  Lan<ii<d<yrfii^  but  if  this  })e  so,  the  latter 
identification  can  hardly  be  correct. 

The  remaining  conifers  are  all  confined  to  the  Mascall  beds.  Of 
these,  Sequoia  angu^tlfoHa^  TaxodiU}ii  diHtichum  mloeenum^  and  what 
has  been  called  Gl yptostrolnt^  Ungerl  are  the  most  abundant.  Taxodium 
is  also  represented  by  what,  with  little  question,  are  male  aments.  It 
is  more  than  probable  that  they  belong  to  T.  distichum  uiocenum, 
Thuites  is  represented  by  a  mere  fragment.  The  Gramineie  and 
Cyperacese  are  each  represented  by  a  single  form,  both  of  which  are 
more  or  less  doubtful. 

To  the  Smilacese  is  referred  the  single  species  Sinilax  Wardli.  It 
is  very  rare,  as  only  one  leaf  has  ever  been  discovered. 

We  come  now  to  the  deciduous-leaved  types  of  vegetation,  and  it 
requires  but  a  glance  at  the  list  of  families  to  show  that  they  predomi- 
nate to  a  marked  degree.  They  are  represented  not  only  by  numerous 
genera  and  species,  but  in  the  case  of  some  forms  by  a  great  wealth  of 
individuals.  The  deposits  at  Bridge  Creek,  many  feet  in  thickness, 
are  filled  with  thousands  of  leaves  of  Betula,  Alnus,  Quercus,  etc.,  and 
the  Mascall  beds  at  Van  Horn's  ranch  contain  great  numbers  of  leaves 
of  oaks,  willows,  and  maples.  We  therefore  seem  warranted  in  con- 
cluding that  the  Tertiary  flom  of  the  basin  was  distinctly  a  hard-wood 
flora,  not  unlike  in  geneml  appearance  that  which  chaiucterizes  much 
of  the  area  east  of  the  Mississippi  River  at  the  present  time.  This 
fact  is  still  further  emphasized  by  the  evident  close  relationship  between 
ceiiiain  of  the  species  found  fossil  in  the  John  Day  Basin  and  those 
now  living  in  the  Eastern  States.  This  will  be  brought  out  more  fully 
under  the  dis(*ussion  of  each  family. 

The  Salicace^e  are  represented  by  both  Populus  and  Salix,  but  of  the 
former  genus  only  one  species  (7^.  Lmdgreni)^  represented  by  a  single 
leaf,  has  thus  far  been  found.  This  species  was  first  chamcterized 
from  the  Payette  formation  of  Boise  County,  Idaho.     As  I  have 
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already  said,  *' Among  living  npecies  this  appears  to  approach  most 
closely  to  P,  baUamlfera  candlcans.  It  differs  in  being  much  more 
obtuse,  in  having  a  more  marked  serrate  border,  and  in  the  stronger 
nervation.  The  relationship  is,  however,  quite  marked,  the  two  leaves 
being  of  the  same  type,  but  with  strong  specific  differences."® 

The  genus  Salix  is  represented  by  eleven  forms,  all  but  one  of  which 
{S.  Schimj}eri)  are  confined  to  the  upper  teds.  Several  of  the  species 
included  are  represented  by  single  and  often  more  or  less  doubtful 
specimens,  while  others  are  represented  by  numerous  individuals. 
Thus  S,  jmendo-argentea  is  very  abundant.  It  closel}'  resembles  the 
living  S.  artjentea^  whence  its  name.  Saltx  perj)lexa^  to  which  is 
referred  a  dozen  or  more  specimens,  is  very  similar  in  geneml  appear- 
ance to  certain  forms  of  *S'.  Bebbluiia^  a  species  now  widely  distributed 
throughout  the  Rocky  Mountain  region.  The  Myricaceee  are  repre- 
sented by  two  species,  both  of  which  are  described  as  new.  Of  these, 
M,  oregoniana  is  very  closely  related  to  M,  callicoviixfolla  Lesq.^  a 
species  very  abundant  at  Elko  station,  Nevada,  and  Florissant,  Colo- 
rado. The  other  species,  Myrica  ?  persoiiaia^  is  wholly  unlike  anything 
previously  described  from  the  John  Day  region,  and  may  not  belong 
to  this  genus. 

The  Juglandaceae  are  richly  represented,  both  Juglans  and  Hicoria 
being  present,  the  former  with  eight  forms  and  the  latter  with  three. 
The  species  are  rather  widely  distributed,  occurring  in  the  older,  mid- 
dle, and  younger  plant-bearing  beds  of  the  region.  Perhaps  the  most 
interesting  form  is  Lesquereux's  Jiiglans  oregoniana^  which  has  long 
been  supposed  to  have  come  from  the  Auriferous  gravels  of  California, 
but  which  is  now  known  to  have  come  from  the  Mascall  beds  at  Van 
Horn's  ranch.  Quite  a  number  of  additional  specimens  have  been 
found  recently,  and,  with  the  exception  of  being  slightly  smaller,  they 
agree  well  with  the  type  form.  One  of  the  specimens  described  by 
Lesquereux  as  Rhm  Jhmdirei  has  been  referred  to  this,  as  also  my 
J.  hcHperla^  from  the  Payette  formation  of  Idaho. 

Judging  from  the  remains,  Hicoria  was  rather  rare,  for  only  a  few 
specimens  have  been  found. 

The  family  Betulacese,  so  far  at  least  as  regards  individual  leaves,  is 
the  dominant  family  of  the  flora.  It  is  represented  by  Carpinus, 
Corjius,  Betula,  and  Alnus,  each,  except  Corylus,  with  several  well- 
marked  species. 

The  Clarno  formation,  or  the  beds  at  Bridge  Creek  and  allied  locali- 
ties, seems  to  have  witnessed  the  culmination  of  the  Betulacece  in  the 
region,  for,  with  the  exception  of  two  ot-  three  doubtful  forms,  all  the 
species  are  confined  to  it. 

Carpinus  is  represented  b}^  numerous  leaves,  which  are  referred  to 
C,  hf4idoides  at  Bridge  Creek,  while  two  more  or  less  questionable 

a  Eighteenth  Ann.  Kept.  U.  8.  Geol.  Survey,  Pt.  Ill,  p.  726. 
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leaves  from  the  Mascall  beds  are  referred  to  the  well-known  Miocene 
C,  grandiAi, 

Out  of  the  vast  number  of  leaves  from  Bridge  Creek  only  two  have 
thus  far  been  found  which  clearly  belong  to  Ctrryhis  MncQuarrii^  and 
these  are  not  to  be  distinguished  from  leaves  of  this  species  figured  by 
Heer  from  Alaska.  There  can  be  no  doubt  as  to  the  correctness  of 
this  identification. 

Betula,  as  already  pointed  out,  is  the  most  abundantly  representexl 
of  any  genus  in  the  flora.  B,  heteromorpha  and  B,  heterodonta  are  by 
far  the  most  abundant  species.  The  first  mentioned  was  in  part 
described  by  Newberry,  under  the  name  of  Populm  volymoTpha^  from 
the  resemblance  to  certain  of  the  leaves  of  the  living  P,  alha^  but  with 
the  great  number  of  individuals  at  my  disposal  1  can  not  believe  that 
they  should  be  referred  to  Populus,  although  they  do  somewhat 
resemble  P.  ciUba,  Hardly  to  be  separated  from  this  is  Newberry's 
B.  heterodonta^  but  in  general  it  has  much  larger  leaves,  with  coarser- 
toothed  margins,  and  a  more  markedly  inequilateral  base.  Many  of 
the  leaves  of  both  species  show  evidence  of  having  been  attacked  by 
fungi,  producing  spots  and  punctures  so  characteristic  of  numerous 
spot-producing  fungi.  As  none  of  the  essential  features  of  these  fungi 
are  preserved,  no  attempt  has  been  made  to  describe  them. 

Under  the  name  of  Betula  Bendirei  I  have  ventured  to  describe  a 
single  leaf  that,  while  evidently  allied  to  B,  heterotmrrpJia^  differs  in 
being  nearly  circular  in  shape,  with  an  equal  base  and  regularly 
spaced  secondaries. 

Almost  equally  abundant  was  the  species  of  Alnus  described  by 
Lesquereux  as  A.  carpiiwid^s.  It  is  contained  in  all  the  collections 
from  Bridge  Creek,  and  has  also  been  detected  at  several  other  locali- 
ties within  the  basin.  From  a  fragment  of  a  single  large  leaf  1  have 
chai*acterized  a  new  species  under  the  name  of  ^i.  maxyrodontu.  It  is 
broadly  ovate,  with  abruptly  truncate  and  heart-shaped  base  and 
coarsely  dentate  margin. 

To  the  Fagaceae  are  referred  a  single  very  doubtful  leaf  of  Fagus 
and  no  less  than  17  species  or  forms  of  Quercus.  The  oaks,  although 
not  quite  so  abundant  in  individuals  as  certain  of  the  species  of  Betula, 
Alnus,  etc.,  above  mentioned,  are  much  more  abundant  in  species  and 
in  a  few  cases  are  nearly  as  numerous  in  individuals.  The  oaks  are 
divided  sharply  into  two  groups  corresponding  to  the  horizons  in 
which  they  occur.  Thus  8  species  are  confined  to  the  beds  at  Bridge 
Creek  and  7  species  to  the  Mascall  beds  at  Van  Horn's  ranch  and 
vicinity,  and  very  few  from  either  locality  have  })een  found  })eyond 
the  confines  of  the  John  Day  Basin. 

The  oaks  from  Bridge  Creek  are  small,  nonlobed  forms,  with  entire 
or  serrate  margins.     They  are  also  in  the  main  thick,  coriaceous- leaved 
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species,  evidently  evergreen,  and  quite  like  the  Q,  virens  type.  Those 
from  Van  Horn's  ranch,  on  the  other  hand,  are  all  or  nearly  all  lobed 
forms,  some  of  them  being  very  profoundly  lobed.  They  are  evidently 
thinner  in  texture  than  the  Bridge  Creek  species. 

The  most  abundant  form  in  the  Mascall  beds  is  Q.  pseudo-lyrcUa  of 
Lesquereux.  It  is  present  in  abundance  in  all  collections  and  is  hardly 
to  be  distinguished  from  the  living  Q,  lyrata.  It  was  divided  up  by 
Lesquereux  into  5  varieties,  but  an  examination  of  more  than  100 
examples  convinces  me  that,  with  one  exception,  no  satisfactory  line  can 
be  drawn  between  them,  and  they  have  been  reduced  to  the  typical 
form.  The  exception  above  noted  is  that  of  Lesquereux's  Q.  jpseudo- 
lyrata  angustiloba.  After  examining  more  than  25  more  or  less  perfect 
examples,  it  became  clear  that  this  was  entitled  to  specific  rank,  and 
it  has  been  called  Q,  Merriami^  the  varietal  name  am^gustiloba  being 
preoccupied  by  A.  Braun's  Q.  angustiloba.  It  is  a  very  narrowly 
lanceolate  form,  quite  suggestive  of  certain  leaves  of  Q,  heterophylla^ 
the  so-called  Bartram  oak. 

A  small  but  very  perfectly  preserved  leaf  from  the  same  beds  has 
been  called  Q,  durivscula.  This  specimen  is  very  close  indeed  to  Q. 
minor  (Marsh.)  Sargent,  the  well-known  post  or  iron  oak  of  the  Eastern 
United  States. 

Another  distinctly  modem  type,  represented  by  several  'examples, 
is  Q.  ursijia^  which  is  undoubtedly  related  to  Q.  najia  (Marsh.)  Sargent, 
the  bear  or  scrub  oak  of  the  Eastern  States. 

The  only  entire-leaved  oak  in  the  Mascall  beds  is  Q.  dayana,  a  very 
small-leaved  species  of  the  virens  type.  It  resembles  various  species, 
such,  for  example,  as  Q,  simplex  Newb.,  Q.  convexa  Lesq.,  and 
Q.  simvlata  Knowlton,  but  appears  to  diflfer  from  them  all. 

The  family  Ulmacese  is  represented  by  four  species  of  Ulmus,  evenly 
divided  between  Bridge  Creek  and  Van  Horn's  ranch,  and  a  single  one 
of  Planera.  Of  the  two  from  Bridge  Creek,  U,  speciosa  Newb.,  is  the 
largest  and  finest,  being  from  10  to  13  cm.  in  length.  It  is  very  sug- 
gestive of  the  living  U,  americana^  and  was  called  U.  pseudo-ameri- 
cana  by  Lesquereux,  but  his  name  is  antedated  by  that  of  Newberry. 
The  other  species,  which  I  have  called  JJ.  Newberryi^  has  a  much 
smaller  and  narrower  leaf,  ranging  from  6  to  10  cm.  in  length,  and 
less  than  3  cm.  in  width.  It  was  referred  to  U.  sjyeclosa  by  Newberry, 
but  seems  distinct.  Associated  with  these  leaves,  but  especially  with 
U.  speciosa^  are  a  number  of  very  perfect  examples  of  the  winged 
fruits.     They  were  placed  with  speciosa  by  Newberry. 

The  two  species  from  the  Mascall  beds  are  TT,  plurinervia  Ungcr, 
represented  by  a  single  leaf,  and  U.  califtyrnim  Lesq.,  to  which  sev- 
eral small  leaves  are  doubtfully  referred.  It  is  clear  that  elms  were 
not  abundant  in  these  beds. 
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Planera  (P,  Ungeri  Ett.)  is  also  represented  by  a  single  example. 

The  Morace®  were  not  abundant,  being  represented  by  three  spe- 
cies of  Ficus  and  one  of  Artocai'pus.  The  figs  are  all  small  leaves, 
and  are  represented  by  few  specimens,  and  they  evidently  played  an 
unimportant  part  in  this  flora.  Artocarpus  is  unfortunately  repre- 
sented by  only  two  or  three  fragments,  which  were  referred  by 
Lesquereux  to  Aralia  pungens  Lesq.  and  Myrica  (Aralia)  Lessigii 
Lesq.  As  nearly  as  can  be  made  out,  they  are  the  same  as  my  A.  cal- 
if omica  from  the  Auriferous  gravels  of  California. 

The  BerberidacesB  are  represented  by  the  very  distinct  and  still 
unique  Berheris  simplex  of  Newberry.  It  is  undoubtedly  closely 
related  to  the  living  B.  aquifolia^  which  is  so  abundant  in  the  region. 

The  Magnoliaceae  are  represented  by  three  species,  two  of  which  {M. 
Cvlveri  and  M.  lanceolatd)  are  found  in  the  lowest  beds  of  the  region, 
and  one  (J/.  Inglefiddi)  in  the  Mascall  beds. 

The  LauraceaB  are  represented  by  three  species — one  of  Laurus,  in 
the  Mascall  beds,  and  two  of  Cinnamomum,  one  of  which  ( C,  DiUeri 
Kn.)  is  found  at  Cherry  Creek  and  the  other  ((7.  Bendirei)  in  the 
Bridge  Creek  beds. 

After  much  consideration  it  has  seemed  probable  that  the  family 
Hydrangeace»  is  represented  by  the  curious  sterile  flowers  which 
were  first  called  Marsilea  Bendirei  by  Ward  and  transferred  to  Porana 
by  Lesquereux.  The  evidence  on  which  it  is  changed  to  Hydrangea  is 
fully  set  forth  in  the  discussion  of  this  species  (ante,  p.  60). 

Liquidambar,  representing  the  Hamamelidaceae,  was  evidently  an 
important  group  in  this  flora.  Five  forms  have  been  detected,  several 
of  which  are  represented  by  a  considerable  number  of  specimens. 
They  all  come  from  the  middle  and  upper  plant-bearing  beds  of  the 
region.  The  large  leaves  from  Bridge  Creek  are  referred  to  Z.  ev/ro- 
pxum^  although  they  approach  quite  closely  in  certain  specimens  to 
Z.  califomicum  of  Lesquereux.  Under  the  name  of  Z.  europaeum 
patulum  I  have  characterized  a  form  from  the  Mascall  beds  with  very 
broad  three-lobed  leaves.  The  identification  of  Unger's  Z.  protensum 
by  Lesquereux  is  open  to  doubt.  It  rests  upon  a  single  broken 
example,  and  may  belong  to  Acer  dlmorphum  Lesq.  A  very  peculiar 
thick-leaved  form  has  been  named  Z.  pachyphyUuni,  It  is  wholly 
unlike  any  of  the  other  forms  found  in  the  region. 

The  Platanaceae  formed  an  important  family,  represented  by  five 
forms  and  a  large  number  of  examples.  Of  these  I\  aspera  Newb.,  is 
peculiar  to  the  Bridge  Creek  beds,  being  a  medium-sized  species  with 
sharp  upward-pointing  lobes.  The  largest  and  most  abundant  form  is 
P,  Oyndoni^  originally  described  by  Newl>errv  as  a  questionable  Ficus. 
This  is  undoubtedly  very  closely  allied  to  Ward's  P,  hasllobata^  if, 
indeed,  it  is  not  actually  identical  with  that  species.  The  main  differ- 
ence lies  in  the  basal  lobes.  In  P.  ha^silohata  these  are  several  times 
the  size  of  those  in  P,  Condoni^  and  apjx^ar  to  be  always  deeply  lobed, 
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whereas  they  are  entire  in  the  latter.  Assuming  that  the  evolutional 
tendency  is  to  get  rid  of  these  large  stipular  organs,  as  suggested  in 
the  living  P.  ocdderUalis^  the  Bridge  Creek  fonn  would  represent  a 
more  recent  and  highly  developed  stage  than  P,  ha8Uob(ita^  a  supposi- 
tion borne  out  by  the  relative  ages  of  the  beds  in  which  they  are  found. 

Another  interesting  form,  unfortunately  represented  by  only  a  sin- 
gle example,  was  identified  by  Lesquereux  as  P.  ndbilisf  Newb.  It 
is  a  leaf  more  than  25  cm.  long  and  23  cm.  broad,  with  a  petiole  8  cm. 
long  and  some  7  nun.  in  thickness.  The  margin  is  not  well  preserved. 
This  may  well  be  the  P.  ndbilis  of  Newberry,  but  additional  material 
will  be  necessary  to  definitely  establish  the  fact.  The  well-known  P. 
a4:eroide8  of  Europe  and  this  country  was  also  determined  by  Lesque- 
reux from  the  Mascall  beds,  but  it  rests  on  two  examples,  neither  of 
which  agrees  entirely  with  the  ordinary  figures  of  this  species.  Addi- 
tional material  is  needed  to  settle  the  status  of  this  species  also. 

The  Rosacese  are  represented  by  two  species  of  Crataegus  and  two 
of  Prunus,  one  of  the  latter  being  more  or  less  open  to  question. 
Cratcegm  fla/vescens  Newberry,  from  Bridge  Creek,  is  a  well-marked 
species.  It  is  undoubtedly  similar  to  what  was  called  CjUwa  Ait., 
but  which  has  now  been  segregated  into  several  closely  allied  forms. 
Lesquereux's  Myric<i  diversifolia  is  clearly  the  same  as  C.  flavescens 
and  has  been  united  with  it.  A  form  quite  similar  to  flavescens^  but 
undoubtedly  distinct,  I  have  called  C.  mipariUs.  It  is  a  small  seven- 
lobed  leaf. 

The  form  that  I  have  named  Prunusf  Merriami  is  a  small  ovate  leaf 
with  finely  seiTate  margins,  and  in  appearance  quite  like  some  forms 
of  the  living  P.  virginiana^  P.  demissa^  etc.  It  also  resembles  some 
species  of  Cydonia,  as  C.  japonica. 

Closely  related  to  P.  Merriami^  and  possibly  identical  with  it,  is 
what  I  have  called  P,  tufacea.  It  is  from  the  same  beds,  but  differs  in 
a  number  of  minor  particulars,  being  elliptical  or  slightly  elliptical- 
obovate  instead  of  ovate,  and  has  finer,  more  regular,  and  evidently 
sharper-pointed  teeth. 

The  family  MimosacesB  is  represented  by  a  single  pod,  which  was 
named  Acacia  oregoniana  by  Lesquereux. 

The  presence  of  the  Csesalpinaceae  in  this  flora  is  open  to  doubt,  as 
it  depends  solely  on  the  problematical  form  referred  to  Cassia  by  New- 
berry. Judging  from  the  drawing  alone,  it  would  be  concluded  at 
once  that  it  represented  a  small  pod,  but  a  careful  study  of  the  type 
specimen  shows  that  this  is  not  a  fair  interpretation.  It  may  be  a 
small  pod,  but  this  is  extremely  doubtful,  and  even  granting  this,  the 
reference  of  it  to  Cassia  is  open  to  the  gravest  question. 

The  presence  of  the  Simarubaceie  rests  on  what  Lesquereux  has 
identified  as  a  species  of  Ailanthus.  This  consists  of  a  branch  and  a 
number  of  samaras,  all  preserved  in  the  same  piece  of  matrix.  In  the 
first  place,  they  have  not  been  cx)rrectly  described  and  figured  by 
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Lesquereux,  and  beyond  this  remains  the  further  question  of  the  cor- 
rectness of  their  reference  to  Ailanthus. 

The  Anacardiaceee  were  but  poorly  represented,  there  being  only 
one  species  and  a  doubtful  form  referred  to  Rhus. 

The  Celastracese  are  represented  by  two  species  of  Celastrus,  both 
from  the  Mascall  beds. 

Next  to  the  Betulaceae  and  Fagacece  the  Aceracere  appear  to  have 
been  the  most  important  family  in  this  flora.  It  is  represented  by  two 
genera,  Acer,  with  eleven  nominal  forms,  and  Rulac  (Negundo),  with 
one. 

The  maples  appear  to  have  been  absent  at  the  time  the  lowest  of  the 
plant-bearing  beds  of  the  region  were  deposited;  at  least  no  remains  of 
them  have  been  discovered.  In  the  Clarno  formation  maples  are  rare, 
a  single  species  {A.  Osmonti)  having  been  found  at  Bridge  Creek  and 
doubtful  forms  at  the  same  place  and  near  Clarnos  Ferry.  Acer 
Osmonti  is  a  fine  species,  very  modern  in  appeai*ance,  suggesting  at 
once  the  living  A,  saccharum  and  small  leaves  of  A.  inacropkyllum^  the 
common  maple  of  the  coast. 

Maples  were  undoubtedly  abundant  at  the  time  the  Mascall  beds 
were  laid  down,  for  numerous  leaves,  fruits,  and  branches  are  pres- 
ent. The  most  abundant  of  the  species  founded  on  the  leaves  is  Les- 
qureuex's  A.  Bendirei^  which  was  for  a  time  supposed  to  be  the  same 
as  the  European  A,  trllohatinn  jmxhietum  (Al.  Br.)  Heer.  They  are 
large,  deeply  lobed  and  toothed  leaves.  A,  diviorphum  Lesq.  is  differ- 
ent entirely  from  the  last,  and  its  status  is  possibly  still  open  to  more 
or  less  question.  What  I  have  called  A,  Merriami  is  wholly  unlike 
A,  Bendtrel^  but  may  be  a  very  broad,  coarsely  toothed  form  of  A, 
dlnwrphum.  It  is,  however,  without  the  basal  lobes  so  conspicuous 
in  dtraorphum. 

Associated  throughout  the  beds  with  the  leaves  are  numerous  speci- 
mens of  maple  fruits.  It  is  not  possible  to  characterize  these  fruits 
with  entire  satisfaction,  but  largely  on  the  basis  of  size,  as  well  as 
other  minute  characters,  1  have  ventured  to  give  names  to  these 
species:  A,  oregonlanum^  A,  midlanxim^  and  A,  mimyr*  It  is  possible 
that  only  two  species  of  fruits  are  represented,  but  the  differences  in 
size  would  seem  to  l>e  greater  than  are  found  in  any  one  living  species. 
In  the  same  beds  was  found  a  single  specimen  of  a  maple  fruit  which 
I  have  named  Acer  gigoH,  It  is  a  long,  narrow  fruit,  9.5  cm.  in 
length,  and,  so  far  as  I  know,  is  the  largest  fruit  of  the  kind  thus  far 
described. 

Under  the  name  of  Ridae  crating! folium  1  have  described  a  com- 
IKHUid  leaf  that  is  certainly  very  suggestive  of  the  living  }>ox  elder. 
It  is  unfortunately  not  quite  i)erfect,  and  its  form  and  other  charac- 
ters are  made  out  with  difficulty. 

The  Hippocastanacea?  are  represented  by  a  single  but  undoubted 
species  of  ^lisculus,  which,  from  its  close  approach  to  certain  living 
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fonns,  I  have  called  jE,  Hiviulata,  It  is  clearly  related  to  jE,  octandra 
and  ^,  ijlcibra^  both  well-known  species  of  the  Eastern  United  States. 

The  Sapindacea3  are  represented  by  four  species  of  Sapindus,  but 
by  a  relatively  small  number  of  specimens.  Under  the  name  of  S. 
Merriami  I  have  chai^acterized  a  small  species  from  Bridge  Creek. 
It  seems  closest  to  some  of  the  smaller  leaflets  of  S,  obtwdfoUus 
Lesq.,  but  has  smaller  and  thinner  secondaries.  The  other  species 
are  all  found  in  the  Mascall  beds,  and  are  each  represented  by  single 
specimens.    This  family  was  clearly  not  of  great  importance. 

The  Rhamnaceae,  although  represented  by  two  species,  are  few  in 
numbers  and  evidently  played  an  unimporant  r61e. 

To  the  Tiliaceae  are  referred  two  species  of  Grewia,  one  of  which, 
G,  crenata^  is  a  well-known  European  Miocene  species.  It  is  most 
abundant  in  the  beds  at  Bridge  Creek,  but  a  few  examples  have  also 
been  found  in  the  Mascall  l^ds  at  Van  Horn's  ranch.  The  other  form, 
G.  auricidata  Lesq.,  rests  on  the  single  type  specimen,  no  others 
having  been  obtained.  It  is  possible  that  it  is  only  an  abnormal  leaf 
of  G,  cretiata. 

The  family  Araliaceae  is  represented  by  two  named  forms,  and  a 
number  so  poorly  preserved  as  to  render  specific  identification  unsafe. 
Thus  A.  digltata  Ward  is  found  in  the  lowest  or  Cherry  Creek  locality. 
In  the  same  beds  is  another  broken  specimen  that  was  referred  to  Aralia 
notdta  by  Lesquereux,  but  it  is  too  fragmentary  to  permit  of  a  satis- 
factory specific  determination.  The  locality  3  miles  above  Clarnos 
Ferry  has  afforded  two  fragments,  evidently  representing  quite  dis- 
tinct species  of  Aralia,  but  they  are  too  poor  to  warrant  specific  nam- 
ing. The  Mascall  beds  afford  a  single  specimen  that  is  referred  with 
some  doubt  to  A,  WldtiieyL  It  is  a  smaller  leaf  than  is  usual  in  this 
species. 

The  families  ComacesB  and  Ericaceae  are  represented  by  a  single 
species  each,  the  first  by  ConvmfeTox%  Unger  and  the  latter  by  Andro- 
meda crassa  Lesq. 

The  Ebenaceae  are  represented  by  two  species  of  Diospyros,  D,  aids- 
kana  Schimper,  in  the  Cherry  Creek  deposits,  and  D.  elliptica^  a  new 
form  from  the  Mascall  beds.  The  latter  has  the  nervation  of  living 
American  species,  but  is  more  obtuse  at  apex  than  is  usual  in  these 
leaves. 

The  Oleacese,  although  represented  by  only  two  species  of  Fraxinus, 
both  from  Bridge  Creek,  was  of  considerable  prominence,  judging 
from  the  number  of  individuals  present.  Fraxinua  integr\folia  Newb. , 
is  a  very  thick,  coriaceous-leaved  species. 

Under  the  name  of  Phyllites  there  are  a  number  of  peculiar  forms. 
Some  of  these  are  well  preserved  and  may  later  be  referred  to  more 
distinctive  places;  others  are  mere  fragments  too  small  for  adequate 
determination. 
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GEOLOGICAL  CONSIDERATIONS. 

We  now  come  to  a  consideration  of  the  bearing  of  the  fossil  flora  on 
the  age  of  the  beds  involved.  I  took  occasion  to  say  in  my  report  on 
the  plants  obtained  by  the  expeditions  of  the  University  of  California, 
under  the  charge  of  Dr.  Merriam:  "In  attempting  to  work  out  the 
bearing  of  the  plants  above  enumerated  on  the  question  of  the  age  of 
the  beds  it  should  not  be  overlooked  that  any  conclusions  drawn 
might  be  quite  different  from  what  they  would  be  were  the  whole 
flora  of  each  of  the  localities  to  be  considered."^  I  added,  however, 
that  the  conclusions  then  expressed  were  ''not  likely  to  be  greatly 
modified  by  subsequent  work."  The  truth  of  this  prediction  has 
been  satisfactorily  confirmed,  for  after  a  full  consideration  of  every 
known  species  or  form,  from  every  known  locality,  no  evidence  was 
forthcoming  to  modify  the  conclusions  then  expressed.  In  the  follow- 
ing pages  the  evidence  on  which  these  conclusions  rest  will  be  set 
forth  more  fully  than  the  space  then  at  my  disposal  would  permit. 

A  reference  to  the  table  given  on  pages  89-92  shows  that  the  bulk 
of  the  flora  of  the  John  Day  Basin  has  come  from  Cherry  Creek, 
Bridge  Creek,  and  Van  Horn's  ranch  and  vicinity.  Very  few  species 
are  common  to  two  or  more  of  these  localities.  The  species  found  at 
the  several  other  scattered  localities,  as  will  be  shown  later,  naturally 
fall  under  one  or  another  of  these  three. 

LOWER  CLARNO  BEDS. 
CHERRY   CREEK. 

The  flora  of  Cherry  Creek,  to  which  may  be  added  that  from 
Currant  Creek,  which  is  clearly  the  same  horizon  and  only  a  short 
distance  away,  comprises  22  forms,  as  follows: 

Lygodium  Kaulfueii  Heer.  Ficus  tenuinervis  Lesq. 

Asplenium  eubeimplex  (Leeq.)  Kn.  Magnolia  lanceolata?  Lesq. 

Pterifl  pseudo-pinnfieformis  Lesq.  Magnolia  Culveri  Kn. 

^Lastrea  Fischeri?  Heer.  Cinnamomum  Dilleri  Kn. 

*Equi8etum  oregonense  Newb.  *Rhamnu8  Cleburni  var  Lesq. 
*S^x  Schimperi  Lesq.  Aralia  digitata  Ward. 

Juglans  rugosa  Lesq.  Aralia  sp.  ^ 

Juglans?  Bendirei  n.  sp.  *Comus  ferox?  Unger. 

Hicoria?  or^^niana  n.  sp.  Diospyros  alaskana  Schimp. 

Quercus  furcinervis  americana  Kn.  *Phyllite8  wascoensis  Lesq. 

Quercus  sp.  Phyllites  sp. 

Of  the  forms  above  listed  2  are  new  to  science,  3  are  not  named 
specifically,  while  6  (those  marked  with  an  asterisk)  have  not  been 
reported  outside  these  beds,  leaving  11  species,  or  exactly  50  per  cent, 

a  Univ.  CaL,  Bull.  Dept.  GeoL,  Vol.  II,  No.  9,  p.  290. 
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enjoying  a  distribution   beyond  the  limits  of  the  John   Day  Basin. 
Their  distribution  is  shown  in  the  following  table: 

Table  showing  the  extralimUal  dlstrihulion  of  the  fossil  plants  from  the  Cherry  Creek 

locality. 


Species. 

.2 
1 

> 

1 

.5 
X 

i 

i 

s 

o 

a3 

Remarks. 

Lygodiuni  Kaulfusii 

Asplenium  subsimplex 

X 
X 
X 

Pteria  pseudo-pinnseformie 

. 

Juglans  rugosa 

X 

X?i  X 

Ficus  tenuinervis 

X 

"x? 

X 
X 

Quercos  furcinervis  americana. . 

1 

Plumas  Countv.  Cal. 

Magnolia  lanceolata? 

1 

Magnolia  Culvert 

Lamar  flora. 

Cinaamomuni  Dilleri 

X 

Aralia  digitata 

X 

Dioepyros  alaskana 

X? 

X? 

A  study  of  this  table  brings  out  the  fact  that  only  four  of  the  eleven 
species  have  been  found  above  the  Fort  Union  beds.  Of  these  four, 
Quereus  furcinervis  americana  is  doubtfully  reported  from  the  sup- 
posed Miocene  of  Plumas  County,  California,  and  Magnolia  lanceolata 
is  doubtfully  identified  in  the  Cherry  Creek  beds.  Ficus  tenuinervis 
was  described  originally  from  the  Green  River  beds  of  Wyoming,  and 
Magnolia  Culvert  from  the  Lamar  beds  of  the  Yellowstone  National 
Park.  The  remainder  have  been  found  in  the  Laramie,  Denver,  Fort 
Union,  and  the  Eocene  in  general. 

Of  the  species  previously  known  but  not  found  outside  the  Cherry 
Creek  beds,  JRJuimmcs  ClAumi  var.  is  closely  allied  to  R.  Cleimmi 
of  the  Denver  beds,  and  Comus  ferox  is  allied  to  an  Eocene  species. 

From  these  considerations  it  appeal's  that  the  plants  of  the  Cherry 
Creek  locality  point  to  the  lower  Eocene  age  of  the  beds. 

UPPER  CLARNO  BEDS.      . 
BBIDOB  CREEK. 

The  flora  of  Bridge  Creek  comprises  45  forms,  as  follows: 


Sequoia  Heerii  Lesq. 
Sequoia  Langsdorfii  (Brgt.)  Heer. 
Monocotyledonous  plant. 
Juglans  Schimperi?  Lesq. 
Juglans  acuminata?  Al.  Br. 
Juglans  eryptata  n.  sp. 


Juglans,  nut  of. 

Hicoria?  sp. 

Carpi nus  betuloidee  Unger. 

Corylus  MacQuarrii  (Forbes)  Heer. 

Betula  heteromorpha  n.  sp. 

Betula  heterodonta  Newb. 
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Betula  Bendirei  n.  sp. 
Betula  angustifolia  Newl). 
Alnus  carpi  noides  I^eHq. 
Alnus  serrulata  fossilis  Newb. 
Alnus  macrodonta  n.  sp. 
Alnus  sp.,  fruit  of. 
Alnus  Kef ersteinii  (Gopp.)  linger. 
Quercus  paucidentata  Newb. 
Quercus  drymeja  linger. 
Quercus  simplex  Newb. 
Quercus affinis  (Newb.). 
Quercus  consimilis  Newb. 
Quercus  Breweri  Lesq. 
Quercus  Oregon iana  n.  sp. 
Ulmus  speciosa  Newb. 
Ulmus  Newberryi  n.  sp. 
Ficus  planicostata  Lesq. 

Of  the  45  forms  here  enuraerated,  6  have  not  been  specifically  named 
and  9  are  new,  leaving  30  previously  known,  of  which  16  have  not 
been  found  outside  of  these  beds.  It  thus  appears  that  about  30  per 
cent  of  the  entire  flora,  or  14  species,  has  an  outside  distribution. 
None  of  these  are  found  in  the  (cherry  Creek  beds  and  only  2  in  the 
Mascall  beds.  The  distribution  of  these  14  species  is  shown  in  the 
following  table: 

Table  showing  extralimilal  distnbtUion  of  foml  plants  from  Bridge  Creek  locality. 


Berberis  simplex  Newb. 
Cinnamomum  Bendirei  n.  sp. 
Liqnidambar  europaeum  Al.  Br. 
Platanus  aspera  Newb. 
Platanus  Condon i  (Newb.). 
Crataegus  flavescens  Newb. 
Cassia?  sp.  Newb. 
Ailanthus  ovata  Lesq. 
Acer  Osmonti  n.  sp. 
Acer  sp. 

Sapindus  Merriami  n.  sp. 
Kbamnus  Eridani  linger. 
Grewia  crenata  (Ung.)  Heer. 
Grewia  auriculata  Lesq. 
Fraxinus  integrifolia  Newb. 
Fraxinus  denticulata?  Ileer. 


Species. 

1 
1 

6 

1 

g 

a 

1 

1 

i 

i 

0) 

1 

X 
X 

i 

S 

s 

I 

O 

X? 
X 
X 

6 

'x* 

Remarks. 

Sequoia  Heerii 

Sequoia  Lan^sdorfii |  X? 

Jufirlans  SchimDeri ■ 

X 
X 

X 

X 

.... 

Juglans  acuminata 1 

X 

Betula  angustifolia 

Payette    forma- 

Carpinus betuloides 

tion. 

Alnus  Kefersteinii ' 

X 

Quercus  drymeja 

X 

"x? 

Quercus  Breweri ' L  -   - 

Ficus planicostata '--  - 

X 

X 

Liquidambareuropaeum . 

X 

X 

Rhamnus  Eridani 

X 

Grewia  crenata 

X? 

Fraxinus  denticulata?. . . 

X? 

.... 

X 

1 

This  table  brings  out  the  fact  that  the  plants  of  Bridge  Creek,  when 
found  outside,  belong  to  a  higher  horizon.  One — Sequoia  Langsdorfii — 
has  been  reported  from  the  Upper  Cretaceous  at  Nanaimo,  British 
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Columbia,  but  it  is  doubtful  if  it  has  been  correctly  determined. 
Otherwise,  this  species  is  found  from  the  Fort  Union  to  the  Miocene. 
Fiem  plunivoHtata  is  of  rather  doubtful  occurrence  at  Bridge  Creek. 
It  is  a  Laramie  and  Denver  species.  Vraxlnus  denticxdata  is  also  a 
doubtful  form  at  Bridge  Creek;  it  has  been  reported  from  Evanston, 
Wyoming,  in  beds  supposed  to  be  of  Laramie  age,  and  in  the  Liv- 
ingston beds  of  Montana.  Juglans  Schiinperi  is  found  in  the  Denver 
beds  at  Golden,  Colorado.  The  remaining  species  are  all  found  in  or 
above  the  Fort  Union  beds.  Two  are  found  in  the  Ek)cene  in  general, 
5  in  the  so-called  Eocene  of  Alaska,  5  in  the  Green  River  beds  of 
Wyoming,  and  2  (one  of  which  is  doubtful)  in  the  Miocene. 

The  conclusion  reached  in  my  preliminary  paper — that  these  beds 
should  be  regarded  as  Upper  Eocene  in  age — appears  to  have  been 
justified.  The  fact  of  this  higher  distribution  than  the  plants  of 
Cherry  Creek  is  further  emphasized  by  a  review  of  the  species  related 
to  the  forms  indigenous  to  these  beds.  Thus,  the  species  described 
as  Juglans  vryptata  is  closely  related  to  «/.  dentieulata  Lesq.,  from 
the  Green  River,  Wyoming,  and  other  localities.  Quercus  condmilis 
is  related  to  Q.  drymeja^  reported  in  this  country  from  the  Green 
River.  Quercun  simplex  is  related  to  Q,  amsimilis^  differing  merely 
by  the  entire  margin,  while  Q,  Breiceri  is  similarly  closely  related, 
differing  in  being  much  longer  and  narrower.  Ulmtts  speciosa  is 
suggestive  of  f/.  Braimi!^  found  in  this  country  in  the  Green  River 
beds  at  Florissant,  Colorado.  The  species  I  have  described  as 
U.  Neivberryl  is  close  to  U,  Hpeeiom^  being  smaller  and  narrower. 
Platan m  Condonl  is  clearly  related  to  P.  hasilobata  of  the  Fort  Union 
beds  of  Montana,  being  evidently  a  more  highly  developed  form  than 
that  species.  Crataegus  flavescens^  which,  as  already  pointed  out,  is 
the  same  as  Lesquereux's  Myrica  diversifolia  as  identified  by  him  at 
Bridge  Oeek,  is  certainly  very  similar  to  the  originals  of  this  from 
Florissant,  Colorado.    This  list  could  be  further  extended  if  necessary. 

OTHER   LOCALITIES. 

There  are  a  number  of  other  localities  discovered  by  Dr.  Merriam 
that  are  evidently  the  same  age  as  Bridge  Creek.  None  of  them  have 
affoixied  a  flora  of  more  than  three  or  four  species.     They  are  a,s  follows: 

ONE  AND  ONE-HALF  MILES  EAST  OF  CLABM06  FERRY. 

From  this  locality  the  following  species  have  been  obtained: 

Sequoia  Langsdorfii  (Brgt.)  Heer. 
Alnus  carpinoides  Leeq. 
Acer  ep. 

ONE-HALF  MILE  NORTHEAST  OF  FOOSIL. 

This  locality  has  yielded  the  following: 

Sequoia  Langsdorfii  (Brgt.)  Heer. 
Myrica?  personata  n.  sp. 
Alnua  carpinoides  Leeq. 
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OFFICER'S  RANCH,   BUTLER  BASIN. 

The  following  species  are  found: 
Quercus  simplex  Newb. 
Quercus  consimilis  Newb. 
Platanus  Condoni  (Newb. )  Kn. 

These  species,  wherever  previously  known,  are  identical  with  those 
from  Bridge  Creek,  and  the  beds  are  referred  to  the  same  age. 

MASCALL  BEDS. 


VAN   HORN  S  RANCH   AND   VICINITY. 


This  flora  is  by  far  the  richest  thus  far  found  in  the  John  Day 
Basin.     Following  is  a  list  of  the  forms  identified: 


Eqiiisetum  sp. 

Ginkgo  sp. 

Sequoia  Langsdorfii  (Brgt.)  Heer. 

Sequoia  angustifolia  Jjesq. 

Sequoia  ep. 

Thuites  sp. 

Glyptostrobus  Ungeri  Heer. 

Taxodium  distichum  miocenutn  Heer. 

Taxodium,  male  aments  of. 

Phragmites  ceningensis  Al.  Br. 

Cyperacites  sp. 
*Smilax  Wardii  Leeq. 

Populus  Lindgreni  En. 
*Salix  Engelhardti  Lesq. 

Salix  Rseana?  Heer. 

Salix  varians  Gopp. 

Salix  angusta  Al.  Br. 

Salix  amygdakefolia  Lesq. 

Salix  pseudo-argentea  n.  sp. 

Salix  dayana  n.  sp. 

Salix  perplexa  n.  sp. 

Salix  mixta  n.  sp. 

Myrica  oregoniana  n.  sp. 

Juglans  oregoniana  Lesq. 
*Hicoria  elcenoides  (Ung. )  Kn. 

Carpinus  grandis?  Ung. 

Betula?  dayana  n.  sp. 

Alnus  Kefersteinii?  (Gopp.)  Unger. 

Fagus?  sp. 
*Que!tnis  pseudo-lyrata  Lesq. 

Quercus  Merriami  n.  sp. 

Quercus  duriuscula  n.  sp. 

Quercus  ursina  n.  sp. 

Quercus  dayana  n.  sp. 
*Quercus  homiana  Lesq. 

Quercus?  sp.  Kn. 

Ulmus  plurinervia  Ung. 

Ulmus  calif omica?  Lesq. 

Planera  Ungeri  Ett. 
*Ficus?  oregoniana  Lesq. 


Artocarpus  calif  omica?  Kn 

Magnolia  lanceolata  Lesq. 

Magnolia  Inglefieldi  Heer. 

Berberis?  gigantto  n.  sp. 

Laurus  oregoniana  n.  sp. 
^Hydrangea  Bendirei  (Ward)  Kn. 

Liquidambar  europfleum  patulum  n.  var. 
*Liquidambar  protensum?  Ung. 

Liquidambar  pachyphyllum  n.  sp. 

Liquidambar  sp. 

Platanus  nobilis?  Newb. 

Platanus  aceroides?  (G(5pp.)  Heer. 

Platanus  sp. 

Crataegus  imparilis  n.  sp. 

Prunus?  Merriami  n.  sp. 

Prunus  tufacea  n.  sp. 
*Acacia  oregoniana  Lesq. 
*Rhus  Bendirei  Lesq. 

Rhus?  sp.  Lesq. 

Gelastrus  dignatus  n.  sp. 

Celastrus  confluens  n.  sp. 

Acer  Bendirei  Leeq. 
*Acer  dimorphum  Lesq. 

Acer  Merriami  n.  sp. 

Acer,  branches  of. 

Acer  or^i^onianum  n.  sp. 

Acer  medianum  n.  sp. 

Acer  minor  n.  sp. 

Acer  gigas  n.  sp. 

Ralac  cratsegifolium  n.  sp. 

.£sculus  simulata  n.  sp. 

Sapindus  obtusifolius  Lesq. 

Sapindus  angustifolius?  Lesq. 

Sapindus  oregonianus  n.  sp. 

Grewia  crenata  (Ung. )  Heer. 
^Andromeda  crassa  Lesq. 

Diospyroe  elliptica  n.  sp. 

Phyllites  bifurcies  n.  sp. 

Phyllites  inexpectans  n.  sp. 

Phyllites  personAtos  n.  sp. 
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The  total  number  of  forms  represented  is  SO,  of  which  number  11 
have  not  been  specifically  named,  and  30  species  and  1  variety  are 
described  as  new  to  s<*ience.  The  remainder,  or  37  species,  are  those 
previously  known  from  these  beds.  Of  these  37  species,  12  (those 
marked  with  an  asterisk  in  the  preceding  list)  have  not  been  found 
beyond  the  limits  of  these  beds,  leaving  25  species  which  have  an  out- 
side distribution.     This  distribution  is  shown  in  the  following  table: 

Table  showing  extralimital  distribtUian  of  fossil  pkinta  from  Van  Hot^i^ s  ranch  and 

mcinity. 


X 


Sequoia  Lansgdorfii 

Sequoia  anguitifolia 

Glyptofltrobus  Ungeri 

Taxodium  distich um  miocenum. .    X 

Phramiites  ceningensis 

Populus  Lindgreni 

Sahx.R«ana? 

Salix  varians 

■  Salix  angusta 

Salix  amygdalaefolia 

Juglans  oregoniana 

Carpinus  grandis? 

Alnus  Kefersteinii? 

Ulmufi  plurinervia 

Ulmus  califomica? 

Artocarpus  califomica? 

Magnolia  lanceolata 

Magnolia  Ing:lefieldi 

Platanus  nobilis? X 

Platanus  aceroidee? 

Acer  Bendirei 

Sapindus  obtusifolius X 

Sapindus  angustifolius? 

Grewia  crenata X  ?i 


X 


« 


o 


X   !   X 
X?    X 


X? 


X? 


X  I  X 

X,-- 


x?i  X 

....    X 


Remarks. 


Upper  Cretaceous. 


Laramie  to  Pliocene. 


Whole  Tertiary. 


Lassen  County,  Cal. 
Laramie  to  Miocene. 

Bridge  Creek. 


In  my  report  on  the  collection  of  plants  from  Van  Horn's  ranch  ^ 
and  vicinity  obtained  by  Dr.  Merriam  I  made  the  following  statement: 
"  The  flora  of  the  Van  Horn  ranch  finds  its  greatest  affinit}^  with  that 
of  the  Auriferous  gravels  and  with  allied  floras  of  California,  and  is 
to  be  regarded  as  upper  Miocene  in  age."  Since  writing  this  I  have 
brought  out  the  fact,  already  set  forth,  that  certain  of  the  species 
most  relied  upon  in  making  this  correlation,  such  as  Quercua  pseudo- 

aUnlv.  Cal.,  Bull.  Dept  Geol.,  Vol.  II,  No.  9,  p.  809. 
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lyrata^  Juglans  aregoniana^  ete.,  that  were  supposed  to  have  come  from 
the  Auriferous  gravels,  are  in  reality  confined  to  the  Van  Horn's 
ranch  locality.  This  correlation  therefore  fails,  and  the  age  of  the 
Van  Horn's  ranch  material  must  be  fixed  in  other  ways. 

The  table  on  the  preceding  page  shows  at  a  glance  that  the  geologic 
horizons  of  those  species  found  outside  these  beds  are  decidedly  higher 
than  those  of  either  of  the  floras  previously  considered.  Thus,  17 
species  out  of  25  are  found  in  the  Miocene.  The  oldest  beds  repre- 
sented, at  least  by  species  having  any  particular  value  for  fixing  the 
age,  is  the  Fort  Union,  which  contains  5  or  6  of  the  species  listed. 
Sequoia  Langsdorfil  extends  throughout  the  entire  Tertiary,  and  pos- 
sibly even  into  the  Upper  Cretaceous.  Phragmites  am  ingensis  extends 
from  the  Lammie  to  the  Pliocene,  but  it  is  at  best  a  doubtful  organ- 
ism, hard  to  identify  satisfactorily.  Salix  angvsta  is  another  species 
ranging  throughout  the  Tertiary,  but  it  is  simply  a  narrow-leaved 
willow  that  may  or  may  not  be  the  same  form  at  all  points  where  it 
has  been  reported.  Seven  of  the  species  enumerated,  2  of  which 
are  doubtful,  are  found  in  the  Green  River  beds,  and  6,  one  of  which 
is  open  to  question,  have  been  found  in  the  Eocene  in  general.  Seven 
species  are  found  in  the  so-called  Eocene  of  Alaska,  which  was,  until 
recently,  regarded  as  of  Lower  Miocene  age. 

If  dependence  were  placed  exclusively  on  the  distribution  of  the 
above-mentioned  forms  in  fixing  the  age  of  these  beds,  the  tendjency 
would  be  to  regard  them  as  not  younger  than  Lower  Miocene,  or  even 
possibly  as  old  as  the  Upper  Eocene,  but  when  we  take  into  account 
the  aflSnities  and  relationships  of  the  forty  or  more  named  species  that 
are  confined  to  these  beds,  the  preponderance  of  evidence  would  seem 
to  relegate  them  to  an  age  as  young  as  Upper  Miocene.  Thus  the 
species  of  Salix  are  closely  allied  to  various  living  species,  such  as  S. 
argentea^  etc.  The  species  of  Quercus  are  distinctly  modern.  Quercus 
pseudo'lyrata  is  hardly  to  be  [distinguished  from  Q,  lyrata;  Q.  Met- 
riami  is  also  near  Q.  lyrata;  Q.  duAuscuia  is  very  close  to  Q,  minor ^ 
and  Q.  ursina  to  the  living  Q.  nana.  The  form  referred  to  Artocarpvs 
califomica^  if  correctly  identified,  is  close  to  the  living  A,  incisa; 
Hydrangea  Bendirei  is  closely  related  to  several  living  species;  and 
the  species  of  Liquidambar  are  not  far  from  Z.  Styracifiua.  The  two 
species  referred  to  Prunus  are  close  to  the  living  P.  demissa^  P.  vir- 
giniana^  etc.  The  maples  are  very  modern  in  appearance,  being 
related  to  A,  sacckarum^  A,  TnacrophyUuw ^  etc.,  and  the  box  elder  is 
not  far  from  the  living  species.  The  species  described  as  .^culua 
simulata  is  similar  to  ^.  octandra  and  uS,  gldH/ra, 

Taking  all  lines  of  evidence  into  account,  it  seems  warranted  to 
refer  these  beds  to  the  Upper  Miocene. 
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THE  FLORA  OF  THE  JOHN  DAY  BASIN  IN  OTHER  LOCALITIES. 

Before  leaving  this  subject  it  may  be  of  interest  to  give  a  short 
account  of  this  flora  as  it  has  been  recorded  at  several  localities  beyond 
the  limits  of  the  John  Day  Basin.  This  is  especially  desirable  since 
we  now  have  for  the  first  time  a  definite  knowledge  of  the  geological 
sequence  of  the  plant-bearing  beds  in  the  basin.  Up  to  the  date  of 
the  publication  of  Dr.  Merriam's  paper  on  the  geology  of  the  basin 
our  knowledge  of  the  interrelations  of  the  plant  beds  has  been  in  a 
much  confused  state.  This  confusion  is  in  large  measure  due  to  the 
fact  that  no  definite  localities  were  given  by  Lesquereux,  they  being 
simply  recorded  as  ''John  Day  Valley,  Oregon,"  and  so  it  came  to  be 
supposed  that  all  species  from  this  area  were  of  the  same  age.  This 
confusion  was  helped  along  by  Newberry,  who  placed  Cherry  Creek, 
Currant  Creek,  and  Bridge  Creek  in  the  same  horizon,  which  he 
referred  to  the  Miocene.  In  his  latest  publication  on  the  subject 
(Proc.  U.  S.  Nat.  Mus.,  Vol.  XI.  pp.  13-24)  Lesquereux  referred  the 
beds  at  Cherry  Creek  to  the  Laramie  and  the  Van  Horn's  ranch  deposits 
to  the  Miocene,  but  he  made  no  attempt  to  give  more  definite  localities 
for  the  forms  mentioned  in  his  earlier  reports.  It  was  possible  to  set- 
tle the  exact  locality  of  these  species  only  by  a  careful  study  of  the 
types,  which  are  the  property  of  the  University  of  California.  This 
investigation,  as  already  set  forth,  has  been  made,  and  the  results  are 
incorporated  in  the  foregoing  pages.  But  the  confused  condition  of 
our  knowledge  of  this  flora  has  made  its  impress  on  determinations  of 
the  plants  whenever  they  have  been  found  beyond  the  limits  of  the  John 
Day  Basin.  These  outside  floras  will  be  passed  in  review  and  the 
attempt  will  be  made  to  adjust  them  to  accord  with  our  present  fuller 
knowledge  of  the  type  section. 

So  far  as  I  now  know,  the  first  recognition  of  the  flora  of  the  John 
Day  Basin  beyond  the  original  limits  was  made  by  myself  in  a 
^*  Report  on  fossil  plants  from  near  Ellensburg,  Washington,"  which 
was  published  in  1893  as  an  appendix  to  Bulletin  108  of  the  United 
States  Geological  Survey,  by  Prof  I.  C.  Russell,  entitled  ''A  Geological 
Reconnoissance  in  Central  Washington."  Ten  spe(ues  were  enumerated 
in  this  collection  as  follows: 

Salix  varians  (Jopp.  Ulmus  pseudo-fulva  Lesq. 

Populus  glandulifera  Heer.  PlatanuB  dissecta  Lesq. 

Populue  Russelli  Kn.  Platan ub  aceroides?  (Goppt)  Heer. 

Alnus?  8p.  Paiiurus  colombi  Heer. 

Ulmufi  califoraica  Lesq.  Magnolia  lanceolata  Ijesq, 

Some  of  these  forms  were  recognized  by  Lesquereux  as  occurring 
at  Van  Horn's  ranch,  although  they  have  not  all  been  admitted  in  the 
present  paper.     Populiut  glandulifera  was  based  on  a  single  example, 
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which  I  have  considered  as  too  indefinite  to  be  entitled  to  recognition, 
and  Paliurus  colornhi  has  been  referred  to  Oreicia  cretuUa,  The 
examples  representing  these  species  at  Ellensburg  are  more  numer- 
ous and  better  preserved,  and  are  probably  correctly  determined. 
Salix  varians,  which  is  represented  at  Van  Horn's  ranch  by  a  very 
few  examples,  is  extremely  abundant  at  Ellensburg,  and  I  have  also 
recognized  in  this  material  one  of  the  new  species  of  Salix  {S.  pseudo- 
argentea)  from  the  Mascall  beds.  A  number  of  the  Ellensburg  species 
are  also  common  to  the  Auriferous  gravels  of  California. 

As  I  pointed  out  in  the  report  on  the  Ellensburg  material,  there  can 
be  no  doubt  that  it  is  of  the  same  age  as  that  at  Van  Horn's  ranch,  a 
condition  further  emphasized  by  the  similarit}'  in  the  matrix,  that  from 
both  localities  being  a  white,  soft,  fine-grained  volcanic  ash. 

In  1892  Mr.  J.  S.  Diller  made  a  small  collection  of  fossil  plants  at 
a  point  6  miles  southeast  of  Ellensburg,  Washington,  that  contains, 
among  other  species,  some  well-preserved  examples  of  Plataniis  AV 
aecta.  The  matrix  is  also  similar  to  that  at  Fillensburg  and  Van  Horn's 
ranch,  and  the  age  of  the  beds  is  undoubtedlj^  the  same. 

In  1898  1  published  a  report^  on  the  Fossil  Plants  of  the  Payette 
Formation.  The  name  Payette  formation  was  given  by  Mr.  Walde- 
mar  Lindgren  to  a  series  of  lake  beds  along  the  Snake  River,  in 
western  Idaho.  The  flora  here  enumerated  embraced  32  forms,  of 
which  number  17  were  described  as  new  and  5  were  not  specifically 
named,  leaving,  as  then  known,  only  10  species  having  an  outside  dis- 
tribution. On  page  736  of  this  report  I  gave  a  table  showing  the 
extralimital  distribution  of  these  10  species.  On  referring  to  this 
table  it  will  be  seen  that  5  of  these  species  are  found  only  in  the  beds 
at  Bridge  Creek,  and  to  this  list  I  am  now  able  to  add  another  species 
{Sequoia  angustifolia)^  thus  making  6  of  the  10  species  common  to  these 
two  localities.  A  number  of  forms  that  I  described  as  new  are 
undoubtedly  related  to  Bridge  Creek  species.  Thus  Qiiercits  simulata 
is  related  to  Q,  simplex^  and  Q,  idahoetms  and  Q,  pnyettensis  are 
both  more  or  less  closely  related  to  Q,  con^imilis.  Two  species 
(Juglans  hesperta^  which  I  have  now  referred  to  e/.  oregoniana  Lesq., 
and  Populus  Lindgreni)^  described  as  new  in  the  Payette  formation, 
have  been  detected  in  the  Mascall  beds  at  Van  Horn's  ranch. 

In  this  report  the  Payette  formation  was  referred  to  the  Upper 
Miocene,  but  I  was  misled  by  the  knowledge  then  <*urrent  regarding 
the  position  of  the  Bridge  Creek  beds,  as  I  have  already  pointed  out, 
and  it  is  now  necessary  to  change  that  reference.  The  flora  of  the 
Payette  formation  undoubtedly  finds  its  greatest  affinity  with  that  at 
Bridge  Creek,  a  fact  recognized  all  along,  and,  like  it,  is  now  referred 


oEighteenth  Ann.  Rcpt  U.  8.  Geol. Survey,  V\.  Ill,  pp.  721-744;  Pis.  XCIX-CII. 
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to  the  Upper  Ek)cene.  It  may  be  noted,  though  the  fact  is  perhaps 
not  of  great  importance,  that  the  matrix  in  which  the  plants  of  the 
Payette  formation  are  preserved  is  similar  to  that  at  Bridge  Creek. 

In  1900  I  published  a  short  paper  on  the  Fossil  Plants  associated 
with  the  Lavas  of  the  Cascade  Range,  ^  which  accompanied  a  paper 
by  Mr.  J.  S.  Diller,  on  The  Bohemia  Mining  Region  of  Western 
Oregon,  with  notes  on  the  Blue  River  Mining  Region  and  on  the 
Structure  and  Age  of  the  Cascade  Range.  It  was  with  the  latter  por- 
tion of  Mr.  Diller's  paper  that  my  own  had  especial  connection.  This 
paper  was  based  on  small  collections  that  had  been  made  by  Mr.  Diller 
and  others.  Six  localities  were  represented,  as  follows :  (1)  Left  bank 
of  the  Columbia  River,  near  the  mouth  of  Moffats  Creek;  (2)  Com- 
stock,  Douglas  County;  (3)  1  mile  east  of  Murphys  Springs,  south- 
east of  Ashland;  (4)  Coal  Creek,  Lane  County;  (5)  5  miles  directly 
north  of  Ashland;  and  (6)  3  miles  southeast  of  Ashland.  The  entire 
flora  comprised  only  28  forms,  of  which  10  were  described  as  new  to 
science  and  7  were  not  named  specifically,  leaving  but  11  species  with 
previously  known  distribution.  No  locality  was  represented  by  more 
than  10  forms  and  most  of  them  by  from  2  to  5  forms. 

The  species  composing  this  flora  were  compared  with  those  from  the 
John  Day  Basin  and  the  Auriferous  gravels  of  California,  and  were 
referred  to  the  Miocene.  In  the  light  of  our  present  knowledge  of 
the  type  section  in  the  John  Day  Basin,  certain  modifications  of  this 
reference  seem  necessary.  I  hesitate,  however,  to  make  radical 
changes  in  my  former  determination  without  additional  material. 
When  taken  as  a  unit  this  flora  is  undoubtedly  similar  to  that  of  the 
John  Day  Basin,  considered  as  a  whole,  but  when  an  attempt  is 
made  to  relegate  the  species  from  individual  localities  to  one  of  the 
three  horizons  now  recognized  in  the  basin,  the  meagerness  of  the 
material  becomes  very  apparent.  With  the  exception  of  the  first  of  the 
localities  to  be  mentioned,  the  following  tentative  classification  may  be 
made:  The  locality  on  the  Columbia  River  near  the  mouth  of  Moffats 
Creek  contains  Acer  Bendirei  and  a  doubtful  leaf  of  Popuhis  Zaddachi. 
The  first  of  these  species  is  so  characteristic  that  I  have  little  or  no 
hesitation  in  referring  it  to  the  same  age  as  the  Van  Horn's  ranch 
material,  namely,  Upper  Miocene.  The  localities  5  miles  north  of  Ash- 
land and  3  miles  southeast  of  Ashland  seem  to  be  more  closely  allied  to 
Bridge  Creek  and  are  probably  to  be  regarded  as  Upper  Eocene  in  age. 
Murphys  Springs  is  also  probably  the  same  in  age  as  Bridge  Creek, 
while  Coal  Creek,  in  Lane  County,  and  Comstock,  in  Douglas  County, 
seem  likely  to  be  older  Eocene  than  the  Bridge  Creek  beds.  But  I 
wish  to  emphasize  the  fact  that  these  are  purelj^  tentative  views,  and 
we  must  depend  upon  fuller  collections  to  settle  the  points  at  issue. 

a  Twentieth  Ann  Kept.,  U.  S.  Geol.  Survey,  Pt.  III.  pp.  37-<M,  pis.  1-5. 
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By  the  kindness  of  Dr.  Arthur  Hollick  I  have  been  enabled  to 
examine  a  number  of  unpublished  plates  of  fossil  plants  by  the  late 
Dr.  Newberry,  on  which  are  depicted  several  species  from  the  so-called 
Dalles  group,  at  the  Dalles  of  the  Columbia.  The  matrix,  I  am 
informed  by  Dr.  Hollick,  is  a  whitish,  very  coarse-grained  volcanic 
ash,  identical  in  appearance  with  that  bearing  fossil  plants  at  Kelly 
Hollow,  Wenas  Valley,  near  Eilensburg,  Washington.  These  plates 
were  not  published  by  Dr.  Newberry  and  simply  bear  provisional 
names  penciled  on  the  margins  of  the  plates.  These  species  are 
represented  as  follows: 

Acacia^  or  Cassia  sp. — A  small,  even-pinnate  compound  leaf  of 
numerous  small  oblong  leaflets.  Nothing  similar  has  been  thus  far 
found  in  the  John  Day  Basin. 

^^ Myrica  diwersifolla  Lesq." — Two  figures  of  this  form  are  shown. 
They  appear  to  be  the  same  as  CratcBgm  flavescens  Newb.,  from 
Bridge  Creek. 

"  Ulmm  sp." — ^Two  small,  coarsely  toothed  leaves  with  well-marked 
secondaries  ending  in  the  marginal  teeth.  Judging  from  the  drawings 
alone  I  should  incline  to  refer  these  leaves  to  a  small  form  of  Carpinus 
grandis  linger,  very  similar  to  some  forms  found  at  Bridge  Creek, 
and  not  to  Ulmus.  They  are  wholly  unlike  the  common  elm  leaves 
that  are  abundant  at  this  latter  locality. 

With  only  these  data  available  I  should  incline  to  regard  the  locality 
affording  them  as  referable  to  the  same  age  as  the  Bridge  Creek  beds, 
viz,  Upper  Clarno. 

From  the  facts  here  adduced  it  seems  beyond  dispute  that  the  condi- 
tions which  prevailed  in  the  John  Day  Basin  during  Tertiary  times 
were  much  more  far  reaching  than  the  mere  local  limits  of  the  basin; 
in  other  words,  that  the  formations  there  recognized  extended  as  far 
north  as  central  Washington,  east  into  northwestern  Idaho,  and  west- 
ward over  much  of  western  Oregon. 

SUMMARY. 

(1)  The  John  Day  Basin  lies  between  the  north  and  south  I'anges  of 
the  Blue  Mountains,  in  north-central  Oregon.  It  covers  an  area  of 
approximately  10,000  square  miles  and  is  dmined  by  John  Day  River 
and  its  tributaries.  It  has  been  the  scene  of  great  volcanic  activity, 
its  rock  masses  being  made  up  of  numerous  volcanic  flows,  with  alter- 
nations of  ashes,  tufas,  sands,  and  gmvels. 

(2)  No  detailed  geological  study  has  }>een  made  of  the  region,  but 
contributions  to  this  subject  have  })een  made  by  Le  Conte,  Condon, 
Marsh,  Cope,  Wortmaii,  Matthew,  and  Merriam,  the  most  important 
and  comprehensive  being  by  the  latter  author. 
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•  (8)  Its  fossil  riches,  in  the  shape  of  mammalian  teeth,  were  first 
brought  to  scientific  attention  in  1861.  Sinc^  that  time  an  extensive 
vertebrate  fauna  has  been  described  by  Leidy,  Cope,  Marsh,  Wort- 
man,  Merriam,  and  others. 

(4)  The  first  fossil  plants  were  found  at  Bridge  Creek  in  1862,  by 
Prof.  Thomas  Condon.  Since  that  date  collections  of  plants  have  been 
made  by  Condon,  Voy,  Bendire,  Merriam,  Osmont,  and  Knowlton. 
The  plants  have  been  studied  and  described  by  Newberry,  Lesquer- 
eux,  and  Knowlton. 

(5)  The  fossil  flora  of  the  John  Day  Basin,  as  set  forth  in  the  pres- 
ent paper,  comprises  150  forms,  distributed  among  37  natural  families 
and  the  anomalous  group  of  Phyllites.  Of  the  150  forms  enumerated, 
24  have  not  been  named  specifically,  and  44  species  and  1  variety  are 
described  as  new  to  science.     The  previously  known  species  number  81. 

(6)  The  known  fossil  floras  of  the  John  Day  Basin  are  all  of  Ter- 
tiary age.  The  oldest,  represented  by  the  localities  of  Cherry  Creek, 
Currant  Creek,  and  3  miles  above  Clarnos  Ferry,  is  referred  to  the 
Lower  Eocene.  It  is  in  the  lower  part  of  Merriam's  Clarno  formation. 
The  next  younger  in  age,  exposed  at  Bridge  Creek,  li  miles  east  of 
Clarnos  Ferry,  one-half  mile  northeast  of  Fossil,  and  Officer's  ranch 
in  the  Butler  Basin,  occupies  the  upper  part  of  the  Clarno  formation 
and  is  Upper  Eocene  in  age.  The  youngest  plant-bearing  beds  of  the 
region,  found  at  Van  Horn's  ranch  and  vicinity,  are  in  the  basal  por- 
tion of  the  Mascall  formation.    The  age  is  regarded  as  Upper  Miocene. 

(7)  From  the  fact^  adduced  in  this  bulletin  it  is  concluded  that  the 
conditions  which  prevailed  in  the  John  Day  Basin  during  Tertiary 
times  extended  also  into  central  Washington,  northwestern  Idaho,  and 
western  Oregon. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Washington,  D.  C,  February  S,  1902, 
Sir:  The  accompanying  paper  by  Dr.  Gteorge  B.  Shattuck  on  the 
Mollusca  of  the  Buda  limestone,  with  an  appendix  by  Mr.  T.  Way- 
land  Vaughan  on  the  Anthozoa  of  the  same  horizon,  records  all  that 
is  known  of  the  fauna  of  a  limits  formation  constituting  the  highest 
member  of  the  Ck>manche  series  in  Texas.  I  recommend  its  publica- 
tion as  a  bulletin. 

Very  respectfully,  T.  W.  Stanton, 

Paleontologist 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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THE  MOLLUSCA  OF  THE  BUDA  LIMESTONE. 


By  George  Burbank  Shattuck. 


PREFATORY  NOTE. 

During  the  winter  of  1893-94  the  Johns  Hopkins  University  came 
into  possession  of  a  valuable  collection  of  fossils  which  Mr.  Robert  T. 
Hill,  of  the  United  States  Geological  Survey,  had  assembled  during 
many  years  of  geologic  study  in  Texas.  Among  the  various  faunas 
represented  in  this  collection  the  fauna  of  the  Buda  limestone — so 
called  because  of  its  typical  development  at  Buda,  Tex. — presented 
an  interesting  problem  to  the  author.  Through  the  courtesy  of  Hon. 
C.  D.  Walcott,  Director  of  the  United  States  Geological  Survey,  and 
Mr.  Hill  the  author  was  enabled  to  accompany  the  latter  during  a 
portion  of  the  field  season  of  1894,  in  order  to  collect  from  the  Buda 
limestone  in  the  vicinity  of  Austin,  Tex. 

The  following  contribution,  which  is  the  result  of  a  study  of  the 
Buda  limestone  fauna,  has  been  prepared  under  the  supervision  of 
Prof.  William  B.  Clark,  to  whom  the  author  here  expresses  his  deep 
obligation.  He  also  extends  his  acknowledgments  to  Dr.  T.  W. 
Stanton,  of  the  United  States  Geological  Survey,  for  many  valuable 
suggestions  and  for  the  u»e  of  type  specimens,  and  to  Hon.  C.  D. 
Walcott  and  Mr.  Robert  T.  Hill,  through  whose  "Courtesy  the  author 
was  enabled  to  undertake  this  work.  The  late  Prof.  Alpheus  Hyatt 
was  consulted  regarding  the  ammonites. 

Mr.  T.  Wayland  Vaughan,  of  the  United  States  Geological  Survey, 
has  prepared  the  concluding  section  on  the  corals. 

niSTORICAIi  REVIEW. 

The  Buda  limestone,  although  possessing  considerable  thickness 
(40  to  80  feet)  and  recording  important  events  which  took  place  at 
the  close  of  the  Lower  Cretaceous,  is  so  concealed  beneath  younger 
beds  that  it  remained  for  a  long  time  unrecognized  by  the  various 
geologists  who  worked  in  Texas.  It  was  not  until  the  year  1889  that 
Mr.  Robert  T.  Hill  described  it  and  designated  it  by  the  name  *'  Vola 
limestone,"  so  called  on  account  of  a  large  and  beautiful  Vola  which 
was  present  in  considerable  numbers  in  the  formation. <» 

In  a  second  article*  Mr.  Hill  gave  a  section  in  which  he  assigned 

o  A  portion  uf  the  geologic  story  of  the  (Colorado  River  of  Texas:  Am.  Geologist,  May,  1889.  p. 8. 
bAnnot.  check  list  of  the  Cretacoons  invertebrate  fossils  of  Texas:  Boll.Geol.  Sunr.  Texas,  No.  4, 
p.  xW. 
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the  Vola  limestone— this  time  referring  to  it  as  the  "  Shoal  Creek 
limestone,"  because  of  its  typical  exposure  in  the  limestone  bluffs 
along  Shoal  Creek  at  Austin,  Tex. — to  a  place  at  the  top  of  the 
Washita  division  of  the  Comanche  series;  that  is  to  say,  the  topmost 
bed  of  the  Lower  Cretaceous,  and  correlated  it  with  the  Ostrea  qiutd- 
riplieata  beds  of  Denison.  In  April  of  the  same  year  Mr.  Hill 
expressed  the  opinion*  that  the  Buda  limestone — here  speaking  of  it 
as  the  Vola  or  red  chalk  limestone,  because  of  the  red  blotches  found 
in  it — belonged  to  the  Washita  division,  a  series  of  strata  deposited 
by  continuous  sedimentation  during  the  first  profound  marine  subsi- 
dence, that  it  was  underlain  by  the  Exogyra  arietina  clays  and  over- 
lain by  the  Denison  beds,  that  its  fossils  consisted  of  the  characteristic 
Vola  quinquecostata  Sow.  and  an  undescribed  fauna,  and  that  the 
material  was  a  massive  lime  bed  with  oxidizing  iron,  the  total  thick- 
ness being  50  feet. 

Toward  the  close  of  the  year  Mr.  Hill  published  a  section  *  of  the 
Lower  Cretaceous  in  which  he  showed  that  it  belonged  to  the  Lower 
or  Grand  Prairie  formation  (Comanche  series),  with  the  Shoal  Creek 
or  Vola  limestone  at  the  top,  possessing  a  thickness  of  75  feet  and 
underlain  by  the  Exogyra  arietina  clays.  Nothing  further  was  pub- 
lished regarding  the  Shoal  Creek  limestone  until  1893,  when  Profs. 
W.  B.  Clark*'  and  F.  W.  Cragin^'  described  certain  of  its  fossils. 

The  following  year  Mr.  Hill  again  published  a  description  *  of  the  Shoal 
Creek  limestone,  in  which  he  pointed  out  the  relations  of  the  under- 
lying and  overlying  beds  in  more  detail,  and  indicated  with  a  section 
the  gradual  thinning  of  the  limestone  from  Del  Rio  through  Austin 
to  Waco,  where  it  disappeared.  The  red-colored  blotches  in  the  lime- 
stone, he  concluded,  were  due  to  oxidation  of  the  iron  in  minute 
glauconite  grains.  He  also  announced  the  discovery  of  f oraminiferal 
remains  and  gave  a  list  of  fossils. 

In  1897  Dr.  T.  W.  Stanton  published  a  comparative  study  of  the 
Lower  Cretaceous  formations,/  in  which  he  discussed  at  length  the 
features  of  the  Comanche  senes  and  pointed  out  its  relations  to  the 
other  Lower  Cretaceous  formations.  He  also  mentioned  the  Shoal 
Creek  limestone  and  gave  a  summary  of  HiU's  classification  indicating 
its  relative  position. 

The  next  publication  referring  to  the  Shoal  Creek  limestone  appeared 
in  1898  as  a  bulletin  of  the  United  States  Greological  Survey,  under 

aEvents  in  North  American  Cretaceous  history,  etc.:  Am.  Joor.  Sci.,  April,  18H9, 3d  series.  Vol. 
XXXVn,  p.  290. 

fr Relation  of  the  uppermost  Cretaceous  beds  of  the  eastern  and  southern  United  States:  Am. 
Joup.  Sci.,  Dec.  1889,  Vol.  XXXVm,  p.  470. 

oMesozoic  Echinodermata  of  United  States:  BuU.  U.  S.  Qeol.  Surv.  No.  97,  pp.  90-91,  pi.  XUX, 
figs.  2,  a-i. 

rfCont.  to  Invert.  Pal.  of  Texas  Cret.:  Fourth  Ann.  Rept.  Oteol.  Surr.  Texas. 

<?Gfreol.  of  parts  of  Texas,  Ind.  Ter.,  and  Ark.,  etc.:  Bull.  Qeol.  Soc.  America,  vol.  5,  pp.  317-S21. 

/A  comparative  study  of  the  Lower  Cretaceous  formations  and  faunas  of  the  United  States 
Jour.  OeoL,  VoL  V»  pp.  675MS84. 
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the  joint  authorship  of  Messrs.  Hill  and  Vaughan.^  In  this  p&per 
the  classification  of  the  gryphsBas  of  the  Texas  region  was  discussed, 
species  were  described,  and  figures  were  given.  The  geographic  and 
stratigraphic  distribution  was  also  shown,  and  the  probable  relation- 
ship and  evolution  of  the  various  forms  of  Oryphwa  occurring  in  the 
Texas  region  were  indicated.  Before  the  close  of  the  year  the  same 
authors  published  another  pai)er,  discussing  the  relation  of  the  geology 
in  certain  parts  of  Texas  to  the  flow  of  underground  water.*  In  this 
paper  the  Shoal  Creek  limestone  was  described  and  its  relation  to  other 
strata  in  the  Cretaceous  series  was  pointed  out. 

The  latest  publication  dealing  with  the  Shoal  Creek  limestone  is  by 
Mr.  Hill.*  In  this  paper  Hill  substituted  the  name  * '  Buda  limestone  " 
for  "  Shoal  Creek  limestone,"  and  summarized  the  leading  features  of 
the  formation. 
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GEOIiOGY  OF  THE  BUBA  lilMESTONE. 

The  work  of  the  author  while  in  Texas  was  confined  to  collecting 
from  the  Buda  limestone  near  Austin,  while  the  task  of  determining 
the  geologic  relations  of  that  formation  and  mapping  its  areal  extent 
has  been  done  by  Mr.  R.  T.  Hill.  The  author  is,  therefore,  unable  to 
speak  regarding  the  geology  of  the  Buda  limestone,  except  as  that 
information  has  been  published.  The  following  statement  is  conse- 
quently derived  entirely  from  the  description  by  Mr.  Hill,  given  in 
the  Twenty-first  Annual  Report  of  the  United  States  Greological  Survey. 

The  Lower  Cretaceous  formations  of  Texas  have  been  placed  collect- 
ively in  one  group,  called  the  Comanche  series.  The  Comanche  series 
is  again  divisible,  beginning  with  the  oldest,  into  the  Trinity,  Fred- 
ericksburg, and  Washita  divisions.  The  Washita  division  is  in  turn 
composed  of  several  formations,  which  vary  in  number  and  extent 
from  one  locality  to  another.  The  city  of  Austin,  Tex.,  is  located  in 
the  midst  of  the  region  in  which  the  Buda  limestone  is  best  developed. 
There  it  is  found  typically  exposed  in  two  localities,  one  along  Shoal 
Creek,  on  the  northeastern  border  of  the  city,  and  the  other  at  Buda, 
about  14  miles  southeast  of  the  city,  on  the  International  and  Great 
Northern  Railway.  In  this  region  the  Washita  consists  of  three  for- 
mations. These  are,  beginning  with  the  oldest,  Georgetown,  Del  Rio, 
and  Buda.  The  Georgetown  formation  is  composed  principally  of 
limestone;  the  Del  Rio  formation  consists  of  an  unctuous  clay,  and  the 
Buda  formation  is  also  a  limestone. 

The  Buda  limestone  first  appears  south  of  the  Brazos  River,  where 
it  is  apparently  the  stratigraphic  continuation  of  the  Grayson  marls, 
which  occur  north  of  the  river.  As  the  Buda  limestone  is  traced 
southward  from  the  Brazos  it  becomes  more  clearly  defined.  This 
formation  was  first  named  the  Vola  limestone,  and  later  designated 
the  Shoal  Creek  limestone,  but  recently  it  was  found  that  that  name 
was  preempted  and  it  is  now  known  as  the  Buda  limestone.  It  has 
been  defined  by  Mr.  Hill  as  follows:** 

The  Buda  limestone  may  be  defined  as  the  uppermost  of  the  three  formations  of 
the  Washita  division  throughout  southern  Texas,  where  it  is  also  the  final  bed  of 

aTwwnty.flrat  Ann.  Rept.  U.  S.  Geol.  Survey,  Pt.  VH,  1901,  p.  288. 
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nestone. 
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ouA  layers. 


the  Lower  CretaceoxiB,  occnpying  the  same  position  in  the  southern  section  relative 
to  the  series  as  do  the  Grayson  marls  of  the  northern  section,  the  one  probably 
being  the  seaward  extension  of  the  other. 

The  Bada  limestone  is  best  exposed  in  the  steep  cliffs  of  Shoal  Creek, 
in  the  city  of  Austin,  in  the 
bluffs  of  Bouldin  Creek,  and 
on  the  outer  margins  of  Bar- 
ton Creek  Valley  south  of 
Austin.  It  is  also  found  well 
developed  at  Buda,  14  miles 
southwest  of  the  city.  In  this 
region  the  limestone  is  strati- 
fied in  layers  varying  in  thick- 
ness from  2  to  6  feet.  As  the 
strata  vary  somewhat  in  hard- 
ness and  power  to  withstand 
erosion,  they  are  affected  dif- 
erently  by  the  elements.  Cer- 
tain of  them  preserve  a 
smooth  surface,  others  ex- 
hibit a  shattered  and  rubbly 
appearance,  and  stiU  others 
break  down  into  a  fine  pow- 
der. These 'last  are  apt  to 
give  place  to  recesses  or  cav- 
erns which  retreat  beneath 
overhanging  bluffs  of  more 
obdurate  material.  The  lime- 
stone when  first  fractured  pos- 
sesses a  light  yellowish  drab 
ground-  color,  specked  with 
spots  about  the  size  of  a  cori- 
ander seed,  but  on  weather- 
ing these  little  specks  oxidize 
to  a  yellowish  or  red  color,  and 
cause  the  surface  to  appear  as 
if  it  had  been  burned.  On  mi- 
croscopic examination  it  has 
been  found  that  these  little 
spots  are  fossil  foraminifera 
filled  with  a  mineral  sub- 
stance, possibly  glauconite, 
which  on  weathering  oxidizes  to  red.  The  limestone  as  a  whole 
appears  to  be  made  up  more  largely  of  foraminifera  than  any  other 
in  the  entire  Comanche  series. 

The  outcrop  of  the  Buda  limestone  is  not  extensive.     It  is  developed 
in  a  narrow  band  between  the  Del  Rio  clay  below  and  the  Eagle  Ford 


me  of  Del  Rio  cUjt. 
ncren*  waooenslr. 


■Bil-bearing  beds. 


^ 


Fio.  1.— Section  of  Bada  limestone,  Del  Rio  clays,  and 
Fort  Worth  limeetone  at  Anstin,  Tex. 
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formation  above,  extending  from  the  Brazos  to  the  Ck)lorado  and 
southward  to  the  Rio  Grande.  Throughout  this  region  it  is  found 
exposed  in  many  places.  In  the  region  of  Austin  the  formation  is 
nearly  80  feet  thick,  and  it  increases  in  thickness  southward,  attain- 
ing on  the  Nueces  100  feet.  Northward  from  Austin  it  decreases  in 
thickness  at  the  rate  of  about  2  feet  a  mile,  until  at  Round  Rock  it  is 
only  20  feet  thick,  on  San  Gabriel  River  10  feet,  at  Moody  about  5 
feet,  and  at  Bosque ville,  on  the  Brazos  River,  it  is  represented  by  a  bed 
of  limestone  only  1  foot  in  thickness.  North  of  the  Brazos,  as  stated 
above,  it  merges  with  the  Grayson  marl  and  is  no  longer  distinguish- 
able as  a  limestone  stratum. 

Although  the  Buda  limestone  is  rich  in  fossils  the  remains  are  poorly 
preserved  and  are  often  represented  only  by  casts  or  molds.  Many 
of  these  forms  are  also  found  in  earlier  members  of  the  Comanche 
series.  The  following  is  a  list  of  the  fossils  of  the  Buda  limestone 
which  have  been  identified  and  described : 

lilST  OF  SPECIES  IN  BUDA  lilMESTONE. 


FORAMINIFERA. 

Rotaliasp. 
Textnlaria  sp. 

ECHINODERMATA. 

Hemiaster  calvini  Clark. 
Pelkcypoda. 

Pecten  roemeri  (Hill). 

Pecten  quinquecostatus?  Sowerby. 

Pecten  dnplicicoeta  Roemer. 

Pecten  texanns  Roemer. 

Lima  shnmardi  sp.  nov. 

Lima  wacoensis  Roemer. 

Lima  sp. 

GervilliopsiB  invaginata ?  (White). 

Inoceramxis  sp. 

Pinna  sp. 

Spondylns  sp. 

Ostreasp. 

Alectryonia  sp. 

GryphsBa  mncronata  Qabb. 

Elxogyra  clarki  sp.  nov. 

Modiola?  sp. 

Cucnlleea  sp. 

Trigonia  emoryi  Conrad. 

Ptychomya  ragsdalei  (Cragin). 

Cardimn  (Granocardinm)  budaense  sp. 
nov 

Cardium  (Protocardia)  texannm  (Con- 
rad) 

Cardimn  ( Protocardia)  vanghanisp.  nov. 


Pachymya  austinensis  ?  Shnmard. 
Isocardia  medialis  (Conrad). 
Pholadomya  roemeri  sp.  nov. 
Homomya  anstinensis  sp.  nov. 
Homomya  vulgaris  sp.  nov. 
Anatina  anstinensis  sp.  nov. 
Anatina  texana  sp.  nov. 

Gasteropoda. 

Patella  sp. 

Plenrotomaria  stantoni  sp.  nov. 

Trochus  sp. 

Tnrritella  bndaensls  sp.  nov. 

Cerithimn  ?  texannm  sp.  nov. 

Harpagodes  shnmardi  (Hill). 

Cypweasp. 

Fnsns  texanns  sp.  nov. 

Fnsnssp. 

Cephalopoda. 

Nautilus  texanu8.Shumard. 
Nautilus  hilH  -jp.  nov. 
Barroisiceras  texanum  sp.  nov. 
Barroisiceras  hyatti  sp.  nov. 

Anthozoa. 

Parasmilia  texana,  sp.  nov. 
Trochosmilia  (?)  sp.  indet. 
Crbicella  (?)  texana  sp.  nov. 
Leptophyllia  sp.  (No.  1). 
Leptophyllia  sp.  (No.  2). 
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DESCRIPTIONS  OF  SPECIES. 

MOLLUSCA. 
PELECYPODA. 
PECTIiaD^. 

Genus  PECTEN  Mtiller. 

Pecten  roemeri  (Hill). 

pifl.  n-rv;  PI.  V,  fig.  1. 

Pecten  (Volaf)  roemeri  Hill,  1889,  Pal.  of  the  Cret.  Formations  of  Texas,  Pt.  1, 

PI.  I. 
Pecten  (Vola)  roemeri  Hill,  1889,  Annot.  Check   List  Cret.  Invert.  Fossils  of 

Texas:  Bull  Geol.  Snrv.  Texas  No.  4,  p.  8. 

Dimensions. — ^Length,  15  cm. ;  breadth,  14  cm. 

Description. — Shell  large,  compressed,  thick;  margin  scalloped, 
concavities  of  one  valve  receiving  the  convexities  of  the  other;  sub- 
octahedral;  equilateral,  unequivalved;  right  valve  subglobose,  left 
valve  slightly  convex;  hinge  line  straight,  two-thirds  length  of  i^hell, 
medial,  symmetrical,  reflected  toward  left  valve;  umbos  opposite, 
medial;  that  of  the  right  valve  prominent,  that  of  the  left  depressed; 
ears  equal,  produced,  conspicuous,  decorated  with  radiating  cost®. 
Surface  decorations  consist  of  six  major  radiating  ribs,  including 
between  them  groups  of  two  or  three  minor  costie.  In  the  region  of 
the  wings  the  costae  are  of  uniform  strength.  Concentric  undulations 
are  also  prominent  and  lines  of  growth  well  marked. 

This  Vola  is  very  abundant  in  the  Buda  limestone,  and  suggested 
the  name  Vola  limestone,  by  which  this  formation  was  originally 
known.  Mr.  Hill,  in  discussing  the  Buda  ("Shoal  Creek")  limestone 
in  an  early  paper,*  refeiTcd  to  this  form  as  Vola  qninquecostata  Sow. 

Locality. — Shoal  Creek,  Austin,  Tex.;  Onion  Creek,  Buda,  Tex. 

This  form  has  never  been  reported  from  any  other  formation. 

Collections. — Johns  Hopkins  University;*  United  States  National 
Museum. 

oEvents  in  North  American  Cretaceous  history,  etc.:  Am.  Jonr.  Sci.,  April,  1889, 8d  series,  Vol. 
XXXVn,  p.  290. 

bOonceming  the  specimens  described  in  this  paper,  it  may  here  be  said  that  Mr.  Hill  collected 
those  in  possession  of  the  Johns  Hopkins  University,  while  those  in  possession  of  the  United 
States  National  Mnaenm  were  in  grreat  measure  collected  by  the  writer  for  the  United  States 
Geological  Surrey. 
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Pecten  quinquecostatus?  (Sowerby). 

PL  V,  figs.  2-4. 

Pecten  quinquecostatus  Sowerby,  1814,  Min.  Conch..  Vol  I,  p.  121,  tab.  56,  figs.  4-8. 
Pecten  quadricostatus  Sowerby,  1814,  Min.  Conch.,  Vol.  I,  p.  121,  tab.  56,  figs.  1,  2. 
Janira  quinquecostata  d'Orb.,  1846,  Pal.  Franc.  Terr.  Cr6t.,  Vol.  in,  p.  632,  pi. 

441,  figs.  1-5. 
Janira  quadricostata  d'Orb.,  1846,  Pal.  Franc.  Terr.  Cr6t.,  Vol.  m,  p.  644,  pi. 

447,  figs.  1-7. 

Dimensions. — Length,  35  mm. ;  breadth,  4  em. 

Description. — Shell  medium  to  small;  outline  sinuous;  right  valve 
ventricose,  with  prominently  elevated  umbo;  ears  absent.  The  sur- , 
face  decorations  consist  of  five  prominent,  radiating,  trifid  ribs,  of 
which  the  middle  individual  is  more  elevated  and  conspicuous  than 
either  of  the  lateral  members.  Each  of  the  spaces  between  the  five 
trifid  ribs  is  occupied  by  two  equal,  less  prominent  ribs,  which  also 
extend  from  the  umbo  to  the  margin.  All  the  specimens  of  left 
valves  in  the  collection  belong  to  immature  individuals.  They  are 
slightly  concave,  bear  six  major  radiating  ribs,  on  the  curved  surface 
of  which  are  three  or  four  minor  costse.  The  depressions  between  the 
major  ribs  are  broad  and  contain  two  costae  each. 

The  specific  position  of  this  shell  has  been  subject  to  considerable 
dispute,  and  a  variety  of  opinions  have  been  expressed,  by  those  who 
have  described  it,  in  regard  to  its  correct  systematic  position.  This 
confusion  seems  to  be  due  to  a  variation  in  the  number  and  strength 
of  the  minor  costse.  In  determining  this  species  the  author  inclines 
to  refer  it  to  Pecten  quinqaecosiatus  rather  than  to  make  it  a  distinct 
species.    It  is  a  common  form  in  the  Buda  limestone. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

This  species  has  been  reported  from  the  Washita  limestone,  the 
Edwards  limestone,  and  the  Upper  Cretaceous  beds  of  New  Jersey. 

Collections. — Johns  Hopkins  University;  United  States  National 
Museum. 

Pecten  duplicicosta  (?)  Roemer. 

PI.  V,  fig.  5. 

Pecten  duplicicosta  Roemer,  1849,  Texas  etc.,  p.  398. 

Pecten  duplicicosta  Roemer,  1852,  Kreid.  von  Texas,  p.  65,  PL  VTII.  fig.  2,  a,  b. 

Description. — Shell  medium,  polygonal;  left  valve  very  globose. 
Decorations  consist  of  six  ridges  radiating  from  the  umbo  to  the  angles 
of  the  margin.  These  ridges  are  each  traversed  by  three  longitudinal 
ribs.  Each  of  the  spaces  between  the  ridges  is  occupied  by  three 
conspicuous  costse. 

Roemer  described  his  type  specimen  as  having  all  the  secondary 
costsB  equally  developed,  while  in  the  specimen  described  here  the 
ribs  traversing  the  ridges  are  not  so  prominent  as  the  cost^e  located 
in  the  interspaces;  moreover,  the  form  here  described  is  not  so  wide 
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in  proportion  to  its  length  as  that  figured  and  described  by  Roemer, 
but  it  appears  to  have  suffered  compression. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

This  species  occurs  in  the  Edwards  limestone. 

Collection. — United  States  National  Museum. 

Pecten  texanus  Roemer. 

PI.  V,  figs.  6-«. 

Pecten  cequicostatus  Roemer,  1849,  Texas  etc.,  p.  898. 

Pecten  texanus  Roemer,  1852,  Kreid.  von  Texas,  p.  65,  PI.  Vm,  fig.  8,  a,  b. 

Neithea  texana  Com»d,  1857,  Rept.  U.  S.  Mex.  Bound.  Surv.,  Vol.  I,  Pt.  n,  p.  151, 

PI.  V,  fig.  2,  a,  b. 
Pecten  texantis  Gabb,  1861,  Notes  on  Cret.  Possilfl,  etc.:  Proc.  Acad.  ScL,  Phil., 

p.  865. 

Dimensions, — Length,  31  mm. ;  breadth,  35  mm. 

Description. — Shell  medium,  triangular;  margin  polygonal;  left 
valve  globose;  umbo  curved  over  hinge  area;  ears  conspicuous;  hinge 
line  straight.  Decorations  consist  of  minute  concentric  strise  and  six 
prominent  rounded  ribs,  radiating  from  the  umbo  to  the  angles  of  the 
margin;  the  broad  spaces  between  them  are  each  occupied  by  two 
equal,  but  subordinate,  rounded  costae,  whose  width  is  greater  than 
that  of  the  grooves  separating  them. 

A  young  individual  has  the  following  appearance:  Shell  small;  mar- 
gin sinuous;  outline  triangular;  left  valve  globose;  umbo  produced. 
Decorations  consist  of  eighteen  radiating  costae,  of  which  every  third 
costa  is  more  elevated  than  the  two  intermediate  individuals.  The 
right  valve  is  slightly  concave  and  decorated  with  twenty  narrow, 
radiating  ribs,  whose  disposition  is  regular. 

In  the  adult  specimens  figured  by  both  Conrad  and  Roemer  the  ribs 
are  described  as  fiattened.  This,  however,  is  not  the  case  in  these 
specimens. 

This  appears  to  be  a  rare  form  in  the  Buda  limestone. 

Locality. — Shoal  Creek,  Austin,  Tex.;  Onion  Creek,  Buda,  Tex.; 
Fish  Pond  Point,  Texas;  Bartons  Creek,  Travis  County,  Tex. 

This  species  is  common  throughout  the  Washita  division. 

Collection. — United  States  National  Museum. 

liOOD^. 

Qenus  LIMA  Bruguiere. 

Lima  shumabdi  sp.  nov. 

PI.  V,  fig.  11. 

Dimensions. — Length,  25  mm.;  breadth,  26  mm. 
Description. — Shell  small,  thin,  oblique,  globose;  inequilateral,  pos- 
terior half  produced;  margins  serrated;  posterior  margin  rounded; 

Bull.  205-03 2 
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anterior  margin  almost  straight;  ventral  and  dorsal  margins  subpar- 
allel;  umbo,  hinge  line,  and  wings  missing.  The  decorations  consist 
of  about  30  low,  narrow  ribs  radiating  tvom  the  umbo  and  projecting 
over  the  margin,  causing  the  serrated  appearance  described  above. 
These  ribs,  which  are  more  pronounced  over  the  posterior  than  over 
the  anterior  region,  are  separated  by  broad,  flat  depressions  which 
carry  a  varying  number  of  radiating  hair-like  costse.  Lines  of  growth, 
although  visible,  are  not  conspicuous  as  a  decorative  feature. 

This  form  resembles  L.  tvdeoeris'is,  but  may  be  distinguished  f i*om 
it  by  the  greater  number  of  large  ribs  and  the  presence  of  the  hair- 
like costae. 

Locality, — Uncertain;  probably  Austin,  Tex. 

Collection, — United  States  National  Museum. 

Lima  wacoensis  Roemer. 

PI.  V,  fig.  10. 

Lima  uxicoensis  Roemer,  1849,  Texas  etc.,  p.  899. 

Liftia  wacoensis  Roemer,  1852,  Kreid.  von  Texas,  pp.  63-64,  PI.  Vm,  figs.  7,  a,  b. 

Lima  wacoensis  Conrad,  1857,  Rept.  U.  S.  Mex.  Bound.  Surv..Vol.  I,  Ft.  IT,  p.  151, 

PI.  V,  fig.  4,  a,  b. 
Lima  leon^nsis  Conrad,  1857,  Rept.  U.  S.  Mex.  Bound.  Surv.,Vol.  I,  Ft.  IT,  p.  151, 

PI.  V,  fig.  3,  a.  b,  c. 

lyirnoisions. — Length,  15  mm. ;  breadth,  14  mm. 

Descriptimi, — Shell  small,  thin,  oblique,  globose;  outline  subovate; 
inequilateral ;  ventral  and  dorsal  margins  subparallel;  anterior  margin 
slightly  curved;  posterior  margin  elongate  and  rounded;  umbos 
approximate;  hinge  line  straight  and  oblique;  wings  small,  undeco- 
rated,  concuve  margins.  Decorations  consist  of  about  20  small  ribs 
radiating  from  the  umbo.  These  ribs  are  of  unequal  size,  being 
larger  over  the  domed  region  of  the  shell  and  smaller  on  either  side. 

This  form  is  not  very  common. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

This  form  has  also  been  found  in  the  Comanche  Peak  chalk,  the 
Washita  limestone,  and  the  Del  Rio  clays. 

Collection, — ^United  States  National  Museum. 

Lima  sp. 

PI.  V.  fig.  9. 

Description, — This  form  is  represented  by  one  very  imperfect  cast 
of  the  interior  of  the  right  valve.  Shell  medium;  inequilateral; 
dorsal  margin  straight,  oblique,  inflected  at  an  angle  of  90  degrees; 
shell  most  strongly  arched  in  this  region,  sloping  away  in  all  direc- 
tions; posterior,  ventral,  and  anterior  margins  sinuous.  About  20 
delicate  radiating  ribs  are  indicated  on  this  cast. 

Locality, — Onion  Creek,  Buda,  Tex. 

Collection, — United  States  National  Museum. 
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Genus  GERVILLIOPSIS  Whitfield. 

Gervilliopsis  invaginata  (?)  White. 

PI.  V,  fig.  12. 

DaUieoncha  invaginata  White,  1887,  New  Gteneric  Forms  of  Cret.  Mol.,  etc.; 
Proc.  Acad.  Sci.  Phil.,  p.  35,  PI.  n,  figs.  4,  5. 

Description, — Shell  narrow,  depressed,  inequilateral;  greatly  pro- 
longed posteriorly;  moijerately  thick;  shaped  and  curved  much  like 
the  blade  of  a  scythe;  central  ridge  running  down  its  entire  length 
midway  between  the  margins;  hinge  line  straight,  exhibiting  in  the 
imperfect  specimen  about  twelve  crenulations,  which  rapidly  increase 
in  length  until  those  directly  under  the  beak  are  about  2  cm.  long  and 
of  reduced  strength;  umbos  low  and  terminal;  decorations  obscure. 

The  only  specimens  of  this  form  are  casts  in  such  an  imperfect  state 
of  preservation  that  they  can  only  questionably  be  referred  to  the 
above-named  species. 

Locality. — Shoal  Creek,  Austin,  Tex. 

This  form  is  also  found  in  the  Marietta  and  Fort  Worth  beds  of 
northern  Texas. 

Collection, — United  States  National  Museum. 

Genus  INOCERAMUS  Sowerby. 

INOCERAMUS  sp. 

Dimensions. — Length,  42  mm. ;  breadth,  57  mm. 

Description. — Shell  medium;  margin  not  visible;  general  outline 
appears  to  be  subovate;  inequilateral,  anterior  portion  slightly  pro- 
duced ;  somewhat  ventricose ;  hinge  line  straight  and  situated  obliquely 
to  long  axis;  umbo  prominent,  produced,  curved  slightly  forward; 
located  at  anterior  end  of  hinge  line,  ears  wanting.  Decorations  con- 
sist of  plications  and  striations  parallel  with  lines  of  growth. 

This  form  appears  to  be  very  rare  in  the  Buda  limestone.  The 
only  specimen  of  this  species  is  a  cast  of  the  interior  right  valve. 

Locality. — Onion  Creek,  near  International  and  Great  Northern 
Railroad  crossing,  Travis  County,  Tex. 

Collection. — United  States  National  Museum. 

PnTNlDJE. 

G^nus  PINNA  Linmeus. 

Pinna  sp. 

Pis.  VI,  VII. 

Description. — Shell  elongate,  subtriangular;  increasing  rapidly  in 
breadth  from  the  pointed  anterior  to  the  rounded  posterior  end ;  breadth 
not  less  than  6  cm. ,  length  not  less  than  16  cm.    A  preserved  shell  f  rag- 
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ment  is  situated  near  the  posterior  end  of  the  right  valve  and  bears 
on  the  surface  equidistant,  longitudinal  furrows,  while  the  cast  of 
the  inner  surface  of  the  left  valve  shows  growth  lines  converging  at 
the  anterior  end.  These  ridges  are  less  conspicuous  over  the  posterior 
portion  of  the  valve. 

In  the  Buda  limestone,  Pinna  is  a  common  form,  but  preserved 
almost  entirely  as  casts.  Of  the  eight  specimens  at  hand,  only  two 
possess  fragments  of  a  shell,  and  these  are  too  poorly  preserved  to  be 
of  use  in  specific  determination. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

Collections. — Johns  Hopkins  University;  United  States  National 
Museum. 

SPONDYIjID^. 

Genus  SPONDYLUS  Linnaeus. 
Spondylus  sp. 
PI.  vm,  figs.  1-8. 

Dimensiofis, — Length,  40  mm. ;  breadth,  5  cm. 

Description, — Shell  medium,  moderatel}'^  thick,  ventricose,  inequi- 
lateral, produced  anteriorly;  umbos  prominent,  bent  forward.  Deco- 
rations consist  of  wavy,  radiating  ribs  of  medium  strength,  bearing 
at  intervals  bosses,  which  probably  are  the  remnants  of  former  spines. 

To  this  description  may  be  added  that  of  certain  smaller  forms 
which  are  probably  the  young  of  this  species.  The  shell  is  thin, 
small,  globose;  margin  fluted;  outline  subovate;  inequilateral; 
inequivalved;  lower  right  valve  produced  in  direction  of  anterior 
margin;  large  scar  at  point  of  attachment.  The  only  decorations  are 
fine,  irregular,  radiating  lines,  every  sixth  one  of  which  is  strength- 
ened and  bears  the  remnants  of  spines.  The  upper  valve  is  also  pro- 
duced anteriorly,  and  bears  decorations  analogous  to  those  on  the 
right  valve. 

All  of  these  forms  are  badly  mutilated  and  it  is  therefore  impossible 
to  determine  the  species  definitely. 

Locality, — Shoal  Creek,  Austin,  Tex. 

Collections. — Johns  Hopkins  University;   United  States  National 

Museum. 

OSTREID^. 

Genus  OSTREA  Linnaeus. 
OSTREA  sp. 

Description. — This  genus  is  represented  by  a  fragment  of  a  right 
valve,  of  which  onl}'  the  inner  surface  is  visible.  The  oyster  was 
large,  and  possessed  near  the  ventral  margin  a  conspicuous  concave 
muscle  impression.    The  margin  is  scalloped  and  the  surface  is  smooth. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection. — United  States  National  Museum. 
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Genus  ALECTRYONIA  Fischer. 

Alectryonia  sp. 

Description. — Shell  medium,  thick,  corrugated;  margin  with  the 
characteristic  alectryonian  Huting.  The  ribs,  some  of  which  show 
the  bifid  habit,  are  strong  and  sharp  and  radiate  from  the  umbonal 
portion  of  the  valve. 

As  only  a  portion  of  one  valve  is  present,  it  is  impossible  to  accu- 
rately determine  this  species. 

Locality. — Uncertain,  probably  Shoal  Creek,  Austin,  Tex. 

Collection. — United  States  National  Museum. 

Genus  GRYPH  JEA  I^marck. 

Gryph^a  mucronata  Gabb. 

PI.  IX. 

OryphcBa pitcheri  Roemer  (not  Morton),  1849,  Texas,  etc.,  pp.  394-895. 
Oryphcea  pitcheri  Roemer,  1852,  Ereid.  von  Texas,  pp.  78-74,  PI.  IX,  fig.  la,  b,  c. 
Chryphaea  pitcheri  var.  navia  (in  part)  Hall,  1856,  Rept.  Ebq)l.  and  Surv.  R.  R. 

from  Miss.  River  to  Pacific,  Vol.  HI,  Pt.  IV,  p.  100. 
Chryphcea  pitcheri  var.  navia  Conrad  (in  part),  1857,  Rept.  U.  S.  Mex.  Bound. 

Snrv.,  Vol.  I,  Pt.  n,p.  155. 
Chryphcea  pitcheri  Owen  (not  Morton) ,  1860,  Second  Rept.  Geol.  Surv.  Arkansas, 

pi.  7,  fig.  6. 
ChryphoMi  mucronata  Gabb,  1869,  Geo\.  Surv.  Cal.,  Palseontology,  Vol.  11,,  pp. 

274r-275. 
Oatrea  pitcheri  (Doquand  (in  -part) ,  1869,  Mon.  du  (Jenre  Ostrea  Terr.  Cr6tac6,  p. 

40,  PI.  IX,  figs.  9-12. 
Oryphcea  navia  (Conrad  in  x)art)  White,  1884,  Fourth  Ann.  Rept.  U.  S.  Qeol, 

Surv.,  p.  302,  PI.  XLIX,  figs.  3-6. 
Chryphcea  mucronata  Hill  and  Vaughan,  1898,  Bull.  U.  S.  G^eol.  Surv.  No.  151,  pp. 

68-65,  Pis.  XXIV-XXX. 

Dimensions. — Length,  35  mm. ;  breadth,  4  cm. 

Description. — Shell  laterally  subtrihedral;  margin  straight;  inequi- 
valved;  inequilateral;  lower  valve  very  globose  and  thick  in  umbonal 
region,  gradually  thinning  toward  the  ventral  margin;  beak  promi- 
nent, submedial,  slightly  bent  posteriorly;  hinge  line  straight;  liga- 
mental  fossa  narrow,  deep,  curved;  inside  of  shell  smooth;  anterior 
and  posterior  margins  prominently  elevated,  the  latter  more  than  the 
former,  imparting  to  the  form  a  compressed  aspect  in  the  direction  of 
its  length.  Surface  decorations  consist  of  undulating  lines  of  growth 
more  or  less  elevated  at  their  margins,  and  a  deep  groove  extending 
from  beak  to  ventral  edge,  a  little  anterior  to  the  posterior  margin. 
Right  valve  subcircular,  decorated  externally  with  concentric  lines 
of  growth. 

This  is  a  common  form  at  the  base  of  the  Buda  limestone. 
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Locality, — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 
Hill  and  Vaughan,  who  have  worked  out  this  form  with  great  care, 
state  that — 

Chryphoea  mucronata  oocors  in  greatest  abiindaiice  in  the  npper  portion  of  the 
Del  Rio  {Exogyra  arietina)  beds  and  in  the  base  of  the  overlying  Shoal  Creek 
limestone  from  the  Brazos  southward  to  the  Gnadalnpe.  It  is  well  shown  in 
Shoal  and  Barton  creeks,  near  Austin.  North  of  the  Colorado  it  occurs  abun- 
dantly  in  the  Grayson  beds  overlying  the  Main  street  limestone,  as  near  Handley, 
a  few  miles  east  of  Fort  Worth,  and  northward  toward  Bed  River  at  Denison. 
It  also  occurs  in  the  Trans-Pecos  region  and  as  far  west  as  Sonora,  according  to 
Gabb.« 

Collection, — United  States  National  Museum. 
Genus  EXOGYRA  Say. 
Exogyra  clarki  sp.  nov. 
Pis.  X,  XI. 

Dimensions, — Length,  72  mm. ;  breadth,  105  mm. 

Description, — Shell  large,  somewhat  thicker  in  umbonal  region  than 
at  margins;  outline  elliptical  to  oval;  inequivalved ;  inequilatieral; 
lower  valve  very  globose,  elongated  in  the  direction  of  its  breadth, 
compressed  in  the  direction  of  its  length;  umbo  distinctly  recurved, 
adherent,  interior  of  shell  smooth,  as  deeply  concave  as  surface  is 
convex;  muscle  impression  subcentral.  Concentric  with  and  a  little 
below  the  peripherj^  is  a  broad,  shallow  groove  which  is  produced  by 
the  sudden  expansion  of  the  margin.  This  groove  receives  the  mar- 
gin of  the  upper  valve.  The  decorations  consist  of  concentric  lines 
of  growth  with  undulating  margins;  as  the  crest  of  each  undulation 
disappears  beneath  that  of  the  one  just  preceding  it,  irregular  ribs 
are  produced  which  radiate  from  the  umbo  and  distribute  themselves 
over  the  surface.  The  upper  valve  presents  a  warped  appearance,  as 
if  it  had  suffered  compression  in  the  direction  of  its  length;  interior 
surface  smooth;  muscle  impression  subcentral;  hinge  line  straight; 
exterior  surface  shows  concentric  and  elevated  lines  of  growth,  which 
constitute  its  only  decoration. 

This  species  differs  from  Exogyra  costata  Say  in  being  less  ponder- 
ous and  broader  in  proportion  to  its  length,  and  from  Exogyra  siniuUa 
var.  americana  Marcou  in  being  smaller,  more  convex,  and  in  rising 
less  abruptly  from  the  margin  in  the  umbonal  region.  It  is  easily  dis- 
tinguished from  Exogyra  ponderosa  by  the  fact  that  it  is  far  less 
ponderous  and  possesses  growth  lines  which  are  more  rugged  and 
sinuous  at  their  margins. 

A  few  specimens  of  this  species  have  been  found  in  the  Buda 
limestone. 

Locality, — Shoal  Creek,  Austin,  Tex. 

Collection, — United  States  National  Museum. 

«  BuU.  U.  S.  Oeol.  Survey  No.  161, 1888,  pp.  64-«). 
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MYTIIilD^. 
Grenus  MODIOLA  Lamarck. 

MODIOLA  (?)      Sp. 
PI.  Vm,  figs,  4,5. 

Description. — Shell  medium,  slightly  inflated ;  margin  absent.  Deco- 
rations consist  of  pronounced  undulations  approximately  parallel  with 
the  lines  of  growth,  so  disposed  that  series  of  three  or  four  concen- 
trate themselves  into  one  ridge,  which  is  more  prominent  and  less 
curved  than  any  one  of  the  separate  individuals. 

All  the  specimens  are  fragmentary  casts  of  the  external  surface. 

Locality, — Onion  Creek,  Buda,  Tex. 

Collection. — United  States  National  Museum. 

ARCID.iE. 

Genus  CUCULL^A  Lamarck. 

CUCULLuEA  sp. 

Dimensions. — Length,  85  mm. ;  breadth,  63  mm. 

Description. — Shell  large,  inequilateral,  posterior  end  greatly  pro- 
duced; ovate-triangular,  ventricose;  posterior  margin  subtruncate; 
ventral  margin  extensive,  slightly  curved;  anterior  margin  short, 
sharply  curved;  umbos  very  strong  and  conspicuous;  situated  at 
anterior  end  of  form,  bending  forward  and  inward;  both  muscle 
impressions  strong;  pallial  line  entire;  cast  shows  faint  indications 
of  radial  ribbing. 

This  forms  appears  to  be  rare.  This  collection  possesses  three 
internal  casts.  It  bears  a  striking  resemblance  to  CucuUcBa  termi- 
nails  Conrad:  Rept.  U.  S.  Mex.  Bound.  Surv.,  Vol.  I,  Pt.  II,  p.  148, 
PI.  IV,  figs.  2,  a,  b. 

Locality. — Shoal  Creek,  Austin,  Tex.;  Onion  Creek,  Buda,  Tex. 

Collection. — United  States  National  Museum. 

TRIGONIID^. 

Genus  TRIGONIA  Brugui6re. 

Trigonia  emoryi  Conrad. 

PI.  vra,  fig.  6-8. 

Trigonia  emoryi  Conrad,  ia57,  Rept.  U.  S.  Mex.  Bonnd.  Snrv.,  Vol.  I,  Pt.  11,  p. 
148,  pi.  8  fig.  2,  a,  b,  c. 

Dimensions. — Length,  6  cm. ;  breadth,  4  cm. 

Description. — Shell  medium,  thick,  veiy  much  swollen  about  the 
anterior  region ;  posterior  end  greatly  produced;  anterior  margin  fall- 
ing away  rapidly  with  a  bold  curve;  posterior  and  ventral  margins 
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absent;  timbos  stibterininal,  approximate^  slightly  produced,  recurved ; 
mtisele  impression  large,  subcentral.  The  decorations  consist  of 
thirty  or  more  strong,  curved  tubercled  ribs  becoming  indefinite  i)OS- 
teriorly.  These  ribs  change  direction  in  passing  over  the  area,  so  as 
to  form  a  chevron-like  arrangement,  and  after  changing  direction 
again,  pass  over  the  escutcheon. 

The  specimens  of  this  species  are  almost  entirely  confined  to  casts. 
The  above  description  has  been  made  from  a  wax  impression,  supple- 
mented by  the  anterior  fragment  of  a  shell. 

Locality. — Shoal  Creek,  Austin,  Tex.;  Onion  Creek,  Buda,  Tex.; 
Bartons  Creek,  Austin,  Tex. 

This  form  has  also  been  reported  from  the  Lower  Washita.    . 

Collection. — United  States  National  Museum. 

CRASSATEIililD^. 

Genus  PTYCHOMYA  Agassiz. 

Ptychomya  ragsdalei  (Cragin). 

PI.  XII,  PI.  xni,  fig.  1. 

Pholadomya  ragsdalei  Cragin,  1895»  Des.  Invert.  Fossils  from  Comanche  series 
of  Texas,  Kansas,  and  Indian  Territory:  Fifth  Ann.  Pub.,  Colorado  CoU. 
Studies,  pp.  58-59. 

Description. — Shell  medium  to  large,  subovate,  depressed;  inequi- 
lateral, somewhat  produced  posteriorly;  hinge  line  broad  and  slightly 
curved;  umbos  low,  directed  forward ;  two  cardinal  teeth  directed 
backward,  one  posterior  lateral  tooth;  mantle  entire.  Decorations 
consist  of  three  systems  of  ribs.  The  one  most  extensive  and  con- 
spicuous occupies  the  broad  middle  portion  of  the  shell;  its  ribs, 
about  twenty-five  or  thirty  in  number,  radiating  from  beak  to  margin 
and  carrying  numerous  tubercles.  The  second  system,  situated  in 
front  of  the  first,  consists  of  short  curved  ribs  which  take  their  origin, 
not  from  the  umbo,  but  from  the  anterior  margin  of  the  first  system, 
and  produce  with  it  the  effect  of  chevrons,  with  the  angle  directs 
toward  the  umbo.  The  third  system,  being  very  narrow,  is  less  con- 
spicuous than  either  of  the  others,  is  located  at  the  posterior  margin, 
and  consists  of  strong  corrugations,  originating  in  the  same  manner 
as  the  second  system,  but  differing  from  it  in  being  V-shaped,  with 
the  apex  turned  away  from  the  beak. 

This  appears  to  be  a  rather  common  form,  but  is  poorly  preserved, 
the  specimens  being  represented  only  as  casts.  The  description  was 
made  from  wax  impressions. 

Locality. — Shoal  Creek,  Austin,  Tex.;  Onion  Creek,  Buda,  Tex. 

This  form  is  also  found  in  the  Main  Street  limestone  at  Denison. 

Collections. — Johns  Hopkins  University;  United  States  National 
Museum. 
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Genus  CARDIUM  LinnsBus. 

Subgenus  GRANOCARDIUM  Gabb. 

Cardium  (Granocardium)  budabnse  sp.  nov. 

PI.  Xm,  fig.  2-4. 

Dimensions. — Length,  45  mm. ;  breadth,  55  mm. 

Description, — Shell  medium,  thin,  cordate,  slightly  inequilateral; 
anterior  portion  somewhat  produced;  very  globose,  especially  toward 
the  dorsal  region,  sloping  from  here  abruptly  posteriorly  and  more 
gently  anteriorly  and  ventrally;  hinge  line  slightly  curved;  umbos 
conspicuous,  produced,  incurved,  located  a  little  posteriorly  to  the 
center  of  the  hinge  line;  anterior  muscle  impression  strong,  posterior 
impression  larger,  but  less  conspicuous.  Surface  decorations  consist 
of  numerous  smooth-,  radiating  ribs,  separated  by  narrow  grooves, 
from  which  arise  alternate  rows  of  coarse,  long  spines  and  minute 
granules. 

This  form  differs  from  Cardium  (Granocardium)  sahtdosum  Gabb 
by  possessing  only  one  row  of  smaller  tubercles  between  the  large, 
while  sabidosum  possesses  two  and  three  rows  of  smaller  tubercles 
between  the  large. 

Locality, — Shoal  Creek,  Austin,  Tex. ;  Bouldin  Creek,  Austin,  Tex., 
contact  with  Eagle  Ford  shales;  Onion  Creek,  Buda,  Tex. 

Collections, — Johns  Hopkins  University;  United  States  National 
Museum. 

Subgenus  PROTOCARDIA  Beyrich. 

Cardium  (Protocardia)  tbxanum  Conrad. 

PI.  xni,  figs.  5-7. 

Cardium  (Protocardia)  texanum  Conrad,  1857,  Rept.  U.  S.  Mex.  Bound.  Sxirv., 
Vol.  I,  Pt.  n,  p.  150,  PI.  VI,  fig.  6,  a,  b.  c. 

Dimensions, — ^Length,  86  mm. ;  breadth,  87  mm. 

Description, — Shell  small  to  very  large,  thick,  very  globose,  slightly 
inequilateral;  anterior  portion  somewhat  produced;  umbones  promi- 
nent, produced,  curved  slightly  downwaixl  and  forward;  posterior 
margin  slightly  truncated;  anterior  and  ventral  margins  rounded; 
toward  the  posterior,  shell  slopes  more  rapidly  than  toward  either  the 
ventral  or  anterior  margins.  Decorations  consist  of  about  fifteen 
radiating  ribs,  roughly  i>arallel  with  the  posterior  margin,  and  the 
remainder  of  the  shell  (about  four-fifths)  is  covered  with  coarse  con- 
centric undulations  parallel  with  the  lines  of  growth  and  gradually 
increasing  in  strength  toward  the  margin.  In  large  specimens  these 
undulations  carry  on  their  surfaces  faint  longitudinal  striations. 
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This  species  is  rather  common  in  the  Buda  limestone. 

Z/OcaZ%. —Shoal  Creek,  Austin,  Tex.;  Bartons  Creek,  Travis 
County,  Tex. ;  Onion  Creek,  Buda,  Tex.  This  form  has  also  been 
found  in  the  Comanche  Peak  chalk  and  the  Washita  limestone. 

Collection, — United  States  National  Museum. 

Cardium  (Protocardia)  vaughani  sp.  nov. 
PI.  XIV,  fig.  1-3. 

Dimensions, — Length,  G  cm. ;  breadth,  65  mm. 

Description; — Shell  medium,  moderately  thick,  cordate,  slightly 
inequilateral;  very  globose;  umbos  prominent;  anterior  margin 
truncated;  posterior  and  ventral  margins  slightly  curving,  uniting  at 
an  obtuse  angle;  muscle  impressions  deep.  Decorations  consist  of 
thirty  or  more  fine,  radiating  ribs  confined  to  the  posterior  region  and 
occupying  about  one-quarter  of  the  shell  surface,  the  remaining  thi'ee- 
quarters  being  almost  smooth. 

This  form  differs  from  Cardium  hiUanum  in  being  truncated  ante- 
riorly, in  possessing  a  larger  number  of  ribs,  and  in  having  the 
remainder  of  the  shell  smooth. 

Locality, — Not  indicated. 

Collection, — Johns  Hopkins  University. 

PACIIYM^ID^. 

Genus  PACHYMYA  Sowerby. 
Pachymya  austinensis  (?)  Shumard. 

Pachymya  austinensis  Shtimard,  1859,  Trans.  Acad.  Sci.  St.  Lonis,  Vol.  I,  pp. 

604-605. 
Pachymya  austinensis  White,  1879,  Cont.  to  Invert.  Pahe.    No.  I,  Cret.  Fossils  of 

West.  States  and  Terr.:   Eleventh  Ann.  Rept.  U.  S.  Geol.  and  Qeog.  Snrv. 

Terr.,  p.  298,  pi.  8,  figs.  1,  a,  b,  and  pi.  5,  figs.  7,  a,  b. 
Pachymya?  austinensis  Hill,  1889,  Annot.  Check  List  Cret.  Invert.  Fossils  of 

Texas:  Bull.  Geol.  Snrv.  Texas  No.  4,  p.  15. 

Description. — The  following  is  Shumard's  original  description: 
"Shell  very  large,  length  more  than  double  the  width  and  less  than 
double  the  thickness;  greatest  width  near  the  center,  where  the  shell 
is  very  gibbous;  subangulated  diagonally  from  the  posterior  side  of 
the  beak  to  the  anal  extremity  and  sloping  to  the  margins;  posterior 
slope  broad;  sides  constricted  anteriorly  by  a  broad,  shallow  depres- 
sion, which  commences  some  distance  below  the  beaks  and  extends 
obliquely  downward  and  backward  to  the  base;  superior  and  inferior 
margins  subparallel;  buccal  end  very  short,  narrowly  rounded;  anal 
end  obliquely  truncated,  gaping,  angulated  at  extremity;  pallial  mar- 
gin concave  in  the  middle,  rounded  before  and  very  gently  convex 
posteriorly;  beaks  nearly  terminal,  flattened,  incurved,  approximate; 
surface  marked  with  irregular,  concentric  lines  of  growth. 

"Length,  6.30  inches;  width,  2.30;  thickness,  3.64." 
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The  specimens  of  this  species  are  too  fragmentary  to  permit  of  a 
positive  specific  determination.  They,  however,  most  strongly  resem- 
ble Pachymya  ausUnensis  Shumard,  and  are  therefore  questionably 
referred  to  that  species.  As  it  is  impossible  to  describe  forms  as 
poorly  preserved  as  those  at  the  disposal  of  the  author,  he  has  taken 
the  liberty  to  quote  the  original  description  made  by  Shumard.  The 
form  described  by  Shumard  came  from  the  Fort  Worth  beds  below 
the  Buda  limestone. 

Locality, — Shoal  Creek,  Austin,  Tex. 

Collections, — Johns  Hopkins  University;  United  States  National 
Museum. 

CYPRINtDJE. 

Genus  ISOCARDIA  Lamarck. 

IsocARDiA  MEDIAL.IS  (Conrad). 

PI.  XIV,  figs.  4,  5;  PI.  XV,  figs.  1,  2. 

Cardium  mediate  Conrad,  1857,  Kept.  U.  S.  Mex.  Bound.  Stirv.,  Vol.  I,  Ft.  n,  p. 
149,  PI.  IV,  fig.  4,  a,  b. 

Isocardia  (f )  medialis  Hill,  1898,  Pal.  Cret.  Form.  Texas:  Proc.  Biol.  Soc. Washing- 
ton, Vol.  Vin,  pp.  31-32,  PI.  n,  figs.  4,  5,  and  Pl.  m,  fig.  6. 

Dimensions, — Length,  6  cm. ;  breadth,  6  cm. 

Description, — Shell  medium  to  very  large,  thick,  very  globose,  sub- 
circular;  equivalved;  inequilateral;  anterior  and  posterior  margins 
subtruncate;  ventral  margin  profoundly  and  irregularly  curved; 
hinge  line  curved ;  teeth,  two  strongly  developed  cardinals  and  one 
posterior  lateral  in  each  valve;  ligament  external ;  ligamental  grooves 
deep;  umbos  prominent,  produced,  curved  downward  and  forward; 
anterior  muscle  impression  strong  and  deep;  posterior  weak  and 
large,  not  often  visible  on  poorly  preserved  specimens.  The  surface 
of  the  shell  is  decorated  with  fine  concentric  striations. 

The  majority  of  the  specimens  of  this  species  are  preserved  as  casts, 
from  two  of  which  impressions  of  the  hinge  area  have  been  obtained, 
thus  allaying  the  doubt  expressed  by  Mr.  Hill  in  his  description. 
Certain  of  the  casts  vary  slightly  from  the  type  in  possessing  leas 
prominent  beaks.  One  large  specimen  is  less  globose  than  one  would 
expect,  considering  the  size,  and  has  probably  suffered  compression, 
as  suggested  by  Mr.  Hill  in  the  description  of  the  same  species  from 
the  Glen  Rose  beds. 

Locality, — Shoal  Creek,  Austin,  Tex.;  Bouldin  Creek,  Austin, 
Tex.,  contact  with  Eagle  Ford  shales;  Onion  Creek,  Buda,  Tex.; 
north  of  Waters  \^  miles,  Austin  and  Northwestern  Railroad; 
Williamsons  Creek,  near  Travis  County,  Tex.  This  form  has  also  been 
reported  from  the  Comanche  Peak  chalk. 

Collections, — Johns  Hopkins  University;  United  States  National 
Museum. 
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PnOLADOMYID-zE. 

Genus  PHOLADOMYA  Sowerby. 

Pholadomya  roemeri  sp.  nov. 

PI.  XV,  figs.  3-«. 

Dimensions. — Length,  8  cm. ;  breadth,  7  em. 

Description, — Shell  large,  very  globose,  inflated  anteriorly,  becom- 
ing less  so  ventrally,  depressed  posteriorly;  inequilateral;  prolonged 
posteriorly;  margin  truncated  anteriorly,  oblique,  describing  a  wide 
curve  ventrally  and  dorsally;  hinge  line  straight,  slightly  inclined 
backward;  umbos  inflated,  conspicuous,  produced,  curved  downward 
and  forward,  and  located  at  anterior  end  of  hinge  line.  Decorations, 
as  indicated  by  the  cast,  consist  of  radiating  ribs  which  extend  from 
a  line  a  little  behind  the  umbonal  ridge  to  the  anterior  margin.  The 
remainder  of  the  shell  is  smooth.  The  ribs  consist  of  series  of  tuber- 
cles arranged  in  rows  extending  from  umbo  to  margin,  the  space 
between  two  contiguous  tubercles  being  about  ecjual  to  the  diameter 
of  the  tubercle  itself. 

This  collection  possesses  two  casts  of  this  species,  from  whicli  the 
description  has  been  made.  The  form  resembles  Cardium  sancU-sabw 
Roemer,  but  differs  from  it  in  having  the  post-umbonal  region  more 
inflated,  in  being  more  truncated  anteriorly,  in  the  greater  acuteness 
of  the  anterior- ventral  marginal  angle,  and  in  the  oblique  curve  of  the 
ventral  margin  from  this  point  backward. 

Locality. — Shoal  Creek,  Austin,  Tex.;  Onion  Creek,  Buda,  Tex. 

Collection. — United  States  National  Museum. 

Genus  HOMOMYA  Agassiz. 

HOMOMYA  AUSTINENSIS  sp.  noV. 
PI.  XVI,  figs.  1-8. 

Dimensimis. — Length,  7  cm. ;  breadth,  5  cm. 

Description. — Shell  medium,  somewhat  globose;  equivalved;  inequi- 
lateral; produced  posteriorly;  anterior  mai*gin  short,  slightly  curved; 
ventral  margin  gently  curved;  posterior  margin  not  whole  in  specimen, 
probably  gaping;  dorsal  margin  straight,  subparallel  with  ventral 
margin;  umbos  conspicuous,  elevated,  globose,  curved  downward, 
inward,  and  slightly  forward,  situated  near  anterior  end  of  shell.  The 
decorations  consist  of  concentric  growth  lines  of  about  equal  strength. 
This  form  may  be  easily  distinguished  from  H.  vulgaris  by  the  fact 
that  it  is  much  shorter  and  broader  in  proportion  to  its  thickness.  It 
is  also  much  more  compressed. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection. — Johns  Hopkins  University. 
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HOMOMYA  VULGABIS  Sp.  nOV. 

PI.  XVI,  figs.  4^;  PI.  XVn. 

Dimensions. — Length,  104  mm. ;  breadth,  48  mm. 

Description. — Shell  large,  thin,  elongate-ovate,  globose;  equivalved; 
inequilateral;  greatly  produced  posteriorly;  margin  straight,  ante- 
rior margin  very  short,  slightly  curved;  ventral  margin  prolonged, 
extending  backward  with  a  long,  gentle  curve;  posterior  margin 
oblique  downward,  joining  the  ventral  margin  with  a  bold  curve; 
dorsal  margin  straight,  subparallel  with  ventral;  umbos  very  globose, 
elevated,  approximate,  in  contact,  curving  inward,  downward,  and 
slightl}'  forward;  situated  at  the  anterior  end  of  shell;  anteriorly 
closed;  posteriorly  gaping;  posterior  portion  produced  and  curved 
upward.  The  decorations  consist  of  concentric  lines  of  growth  vary- 
ing in  intensity. 

This  form  is  longer  and  thicker  than  H.  austinensis  in  proportion 
to  its  breadth. 

Thus  form,  which  is  very  common  in  the  upper  portion  of  the  Buda 
limestone,  is  poorly  preserved  and  has  usually  suffered  considerable 
deformation. 

Locality. — Shoal  Creek,  Austin,  Tex.;  Bouldin  Creek,  Austin, 
Tex.,  contact  with  Eagle  Ford  beds;  Onion  Creek,  Buda,  Tex. 

Collections. — Johns  Hopkins  University;  United  States  National 
Museum. 

ANATIXID^. 

Genus  ANATINA  Lamarck. 

Anatina  austinensis  sp.  nov. 
PI.  xvni,  figs.  1, 2. 

Dimensions. — Length,  75  mm. ;  breadth,  38  mm. 

Description. — Shell  medium,  thin,  elongate-ovate,  somewhat  glo- 
bose; equivalved;  inequilateral;  anterior  end  greatly  produced; 
umbos  low,  curved  backward  and  downward,  removed  from  the  pos- 
terior end  a  distance  equal  to  one-third  the  long  diameter  of  the  shell; 
ventral  margins  slightly  curved  and  in  contact,  anterior  and  posterior 
margins  about  equally  rounded,  gaping;  slight  concavity  in  side  of 
form  immediately  under  umbo.  The  decorations  consist  of  concen- 
tric undulations  parallel  with  the  lines  of  growth.  This  form  may  be 
distinguished  from  A.  texana  on  account  of  its  smaller  size,  lack  of 
the  pronounced  depression  in  front  of  the  umbos,  as  well  as  by  the 
fact  that  the  umbos  are  situated  nearer  the  anterior  end. 

The  collection  x>ossesses  one  specimen  of  this  form,  which  is  in  a 
very  i)oor  state  of  preservation. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection. — United  States  National  Museum. 
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Anatina  texana  sp.  nov. 

PL  XVm,  fig.  3. 

Dimensions. — Length,  10  cm. ;  breadth,  55  mm. 

Description. — Shell  large,  ovate,  slightly  globose;  equivalved;  ine- 
quilateral; posterior  region  more  contracted  and  more  sharply 
rounded  than  anterior;  umbos  subcentral,  produced,  bent  back- 
ward and  downward ;  margins  in  conta»ct  ventrally,  gaping  at  either 
end;  cardinal  margin  concave  at  posterior  side  of  beak,  sloping  away 
gently  anteriorly;  ventral  margin  slightly  concave  immediately  under 
the  umbos,  subparallel  with  dorsal  margin.  Surface  of  shell  slightly 
concave  below  the  umbos;  deep  groove  bending  downward  and  back- 
ward, located  just  in  front  at  the  base  of  the  umbos;  surface  shows 
faint  concentric  ridges  parallel  with  lines  of  growth. 

This  form  is  larger  than  A.  ausUnensis.  It  has  a  pronounced  depres- 
sion in  front  of  the  umbos,  and  the  umbos  are  situated  in  about  the 
middle  of  the  dorsal  side. 

The  only  specimen  of  this  form  is  an  imperfect  cast. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection. — United  States  National  Museum. 

GASTEROPODA. 
PATEIililD^. 

Genus  PATELLA  Linna3us. 
Patella  sp. 
PI.  XIX,  fig.  1. 

Dimensions.'— Yle\^\it^  5  mm.;  breath,  17  mm. 

Description. — Shell  small,  compressed,  conical;  apex  central  and 
erect;  aperture  circular;  diameter,  19  mm.  Decorations  consist  of 
fine  concentric  lines  crossed  by  radial  ridges  bearing  much- weathered 
tubercles,  concentrically  arranged  about  the  apex. 

The  collection  possesses  a  single  specimen  of  this  form. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection. — Johns  Hopkins  University. 

PliEUROTOMARLID^. 

Genus  PLEUROTOMARIA  de  France. 

Pleurotomaria  stantoni  sp.  nov. 

PL  XX. 

Dimensions. — Height,  65  mm. ;  breadth,  80  mm. 

Description. — Shell  large,  elevated,  having  the  form  of  a  broad- 
based  cone;  umbilicated;  suture  distinct;  whorls  few,  increasing 
rapidly  and  regularly  in  size;  aperture  not  present;  slitband  groove- 
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like,  narrow,  traceable  along  the  surface  of  each  whorl,  midway 
between  the  upper  and  lower  margins;  short,  transverse  ribs  con- 
verge backward  toward  the  groove;  those  below  are  thickly  set, 
comparatively  inconspicuous,  and  bear  three  tubercles  each ;  those 
above  are  pronounced,  less  thickly  placed,  and  bear  likewise  tuber- 
cles; spaces  between  these  ribs  broad,  each  one  offsetting  a  rib  of  the 
underlying  series;  lower  margin  of  each  whorl  bound  with  a  i*evolv- 
ing  cord -like  ridge  bearing  tubercles;  under  surface  of  body-whorl 
decorated  with  revolving  ridges  on  which  are  tubercles  so  arranged  as 
to  give  the  effect  of  transverse  ribs  converging  toward  the  center. 

The  internal  cast  of  this  form  resembles  that  of  Pleurokmiaria 
austinensis  Shumard,  but  the  shell  may  be  readily  separated  from  it 
by  the  fact  that  in  P.  starUoni  the  decoration  is  very  rugged  and 
ornate,  and  the  fine  revolving  lines  present  in  P.  austinensis  are 
absent. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Bartons  Creek,  Travis  County, 
Tex. ;  Onion  Creek,  Buda,  Tex. 

Collection. — United  States  National  Museum. 

TROCHID^. 

Genus  TROCUUS  Linnseus. 

Trochus  sp. 
PI.  XIX,  figs.  2,  3. 

Dimensions. — Height,  15  mm.;  breadth,  17  mm. 

Description. — Shell  small,  pyramidal,  moderately  elevated ;  whorls 
four,  slightly  globose,  increasing  in  size  regularly  and  slowly;  aper- 
ture and  surface  decorations  wanting. 

This  species  is  represented  in  the  collection  by  one  small  imperfect 
east.     The  specific  determination  is  therefore  impossible. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection. — Johns  Hopkins  University. 

TURRITEIililD^. 

Genus  TURRITELLA  Lamarck. 

TURRTTBLLA  BUDAENSIS  sp.  nOV. 
PI.  XIX.  figs.  4-6. 

Dimensions. — Breadth,  10  mm. 

Description. — Shell  medium,  elevated,  spireform;  whorls  numerous; 
sutures  conspicuous;  imperforate;  aperture  not  fully  preserved;  cuter 
lip  thin.  Decorations  consist  of  four  revolving  ridges  bearing  tuber- 
cles. In  the  higher  regions  of  the  spire  these  ridges  are  uniformly 
developed,  but  in  the  adult  portion  of  the  shell  th(»  two  middle  ribs 
are  more  emphasized  than  those  on  either  side;  the  spaces  between 
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are  occupied  with  hair-like  lines,  of  which  one  or  two  are  slightly 
larger  than  the  others. 

This  form  differs  from  both  T.  seriatim-granulata  Roemer  and 
T.  planUateris  Conrad,  in  having  four  in  place  of  five  ribs,  and  from 
the  latter  in  having  the  two  middle  ridges  most  conspicuous.  The 
presence  of  four  tubercled  ribs,  instead  of  six,  provides  a  ready  means 
of  separation  from  T.  mamochi  White. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Bouldin  Creek,  Austin,  Tex., 
contact  with  Eagle  Ford  shales;  Bartons  Creek,  Travis  County,  Tex.; 
Onion  Creek,  Buda,  Tex. 

Collections. — Johns  Hopkins  University;  United  States  National 
Museum. 

CERITHirD^. 

Genus  CERITHIUM  Adanson. 

CERITHIUM   (?)   TBXANUM  Sp.  nOV. 

PI.  XIX,  figs.  7,  8. 

Dimensions. — Breadth,  10  mm. 

Description. — Shell  medium;  spire  elevated;  whorls  more  than  six ; 
form  narrow,  imperforate;  whorls  small;  aperture  missing,  canal  at 
the  anterior  extremity.  Decorations  consist  of  numerous  transverse, 
slightly  curved  ribs,  each  one  of  which  is  transformed  into  a  tubercle 
at  the  upper  part  by  means  of  a  constriction;  these  tubercles  often 
are  a  direct  continuation  of  the  ribs,  but  may  at  times  alternate  with 
them. 

This  form  appears  to  be  rare  in  the  Buda  limestone,  for  the  collec- 
tion contains  but  two  specimens;  one  is  an  imperfect  shell  and  the 
other  is  a  portion  of  an  external  cast.  The  generic  determination  is 
therefore  doubtful. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Bouldin  Creek,  Austin,  Tex. 

Collections. — Johns  Hopkins  University;  United  States  National 
Museum. 

STROMBID^. 

Genus  HARPAGODES  Gill. 

Harpagodes  shumardi  (Hill). 

PI,  XXI. 
Pterooera  shumardi  Hill,  1889,  Pal.  Cret.  Form.  Texas,,  PI.  H. 

Dimensions. — Height,  115  mm. ;  breadth,  107  mm. 

Description. — The  following  is  Hill's  original  description:  "Shell 
cylindrical,  subfusiform,  smooth,  with  outer  lip  expanded  and  flat- 
tened into  a  conspicuous  wing;  apex  pointed;  columella  not  seen, 
canal  reflected  as  in  dotted  lines,  but  destroyed  in  chiseling  specimen 
from  massive  stone  in  which  it  was  embedded.     Whorls  eight,  thQ 
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lower  being  two-thirds  the  length  of  the  shell;  sutures  slight;  wings 
three,  ribbed  or  fingered  in  the  specimen  figured,  but  there  are  indi- 
cations that  there  were  formerly  two  more,  making  five  in  all;  margin 
is  strongly  indented  between  the  termini  of  the  fingers;  surface 
marked  by  strong  parallel  lines  of  growth." 

This  form  is  rather  common  in  the  Buda  limestone. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

Collections. — ^Johns  Hopkins  University;  United  States  National 
Museum. 

CYPRuElD^. 

Grenus  CYPR^A  LinnaBUs. 

CYPEuEA  sp. 

PI.  xxn. 

Dimensions. — ^Height,  7  cm. ;  breadth  65  mm. 

Description. — Shell  medium,  low,  spherical,  imperforate;  whorls 
four  or  five;  globose;  aperture  long,  narrow  slit-like;  outer  lip  broad, 
expanded,  and  extending  from  the  aperture  at  almost  a  right  angle; 
body-whorl  very  large,  embracing  about  four-fifths  of  the  preceding 
whorl;  no  decorations  visible. 

This  appears  to  be  a  rare  species  in  the  Buda  limestone,  as  only  one 
specimen  is  present  in  the  collection.  The  description  has  been  made 
from  an  inteinial  cast. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection. — Johns  Hopkins  University. 

FUSIB^. 

Genus  FUSUS  Lamarck. 

PUSUS  TEXANUS  Sp.  nov. 
PI.  XIX,  fig.  9. 

Dimensions. — Height,  67  mm. ;  breadth,  14  mm. 

Description. — Shell  moderately  large,  elevated,  turreted;  sutures 
deep;  whorls  few,  convex,  increasing  in  size  regularly  and  slowly; 
imperforate;  greater  part  of  aperture  missing;  anterior  siphonic- 
canal  long  (23  mm.),  deep.  Decorations  consist  of  well-marked  and 
equal  revolving  ridges  crossed  by  a  few,  prominent  transverse  ribs, 
which  in  the  body  whorl  are  quite  elevated  at  the  suture  line,  but 
gradually  die  out  as  they  pass  over  the  whorl. 

This  species  appears  to  be  rare  in  the  Buda  limestone,  for  only  half 
of  an  external  cast  is  present  in  the  collection.  The  description  has 
been  made  from  a  wax  impression. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

Collection. — Johns  Hopkins  University. 
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Fusus  sp. 

PI.  XrX,  figs.  10, 11. 

Dimensions, — Breadth,  13  mm. 

Description, — Shell  small,  elevated,  conical;  whorls  convex,  five  or 
six  in  number;  body- whorl  large,  globose,  carrying  a  central  ridge; 
imperforate;  sutures  deep;  aperture  not  distinct,  probably  oval; 
possesses  an  anterior  canal;  internal  cast  shows  distinct,  revolving 
lines  on  the  under  side  of  the  outer  lip. 

This  form  is  represented  in  the  collection  by  one  cast. 

Tjocality, — Shoal  Creek,  Austin,  Tex. ;  Bouldin  Creek,  contact  with 
Eagle  Ford  shales;  Onion  Creek,  Buda,  Tex. 

Collection. — United  States  National  Museum. 

CEPHALOPODA. 
NAUTIIilD^. 

Genus  NAUTILUS  Linnaeus. 
Nautilus  texanus  Shumard. 

PI.  XXni,  figs.  1,  2;  PI.  XXIV,  figs.  1,  3. 

Nautilus  texanus  Shumard,  1859,  Trans.  Acad.  Sci.  St.  Louis,  Vol.  I,  p.  590. 
Nautilus  texanus  Hill,  1889,  Annot.  Check  List  Cret.  Invert.  Fossils  of  Texas: 

Bull.  Geol.  Surv.  Texas  No.  4,  pp.  21,  48,  50. 
Nautilus  texanus  Cragin,  1898,  Cont.  Invert.  Pal.  Texas  Cret.:  Fourth  Ann. 

Rept.  (>eol.  Surv.  Texas,  p.  236. 
Not  Nautilus  texanus  Qahb,  1864,  Qeeol.  Surv.  California,  Palaeontology,  Vol.  I, 

p.  59,  PI.  IX,  fig.  8,  a,  b. 

Description, — Size  varies  from  small  to  rather  large;  laterally  com- 
pressed; sides  slightly  convex;  dorsal  curve  abrupt;  umbilicus  cir- 
cular, shallow,  distinct;  volution  subovate;  anterior  portion  of 
aperture  absent;  posterior  portion  seraielliptical,  .deeply  excavated 
bj^  preceding  volution ;  longest  diameter  10  cm.;  width  in  broadest 
section  4  cm.,  broadest  portion  situated  a  little  below  the  middle  of 
aperture;  septa  moderately  concave  forward;  sutures  on  leaving  the 
umbilicus  are  directed  forward  for  a  short  distance,  then  turn  with  a 
sharp  curve  and  run  backward  for  a  slightly  gi'eater  distance,  turn- 
ing again,  this  time  with  a  broader  curve;  they  run  forward  once 
more  for  a  distance  about  equal  to  their  previous  backward  course 
and  pass  over  the  dorsum  with  a  wide  curve ;  retrosiphonate ;  siphuncle 
continuing  backward  to  preceding  septum,  situated  in  dorso-ventral 
plane,  a  little  to  ventral  side  of  middle.  Decorations  consist  of 
numerous  simple,  flat  ridges  which  pass  from  the  umbilicus  forward, 
then  turn  with  a  wide  curve  backward  for  a  short  distance  and  pass 
over  the  dorsum  with  a  sharp  curve. 

Locality. — Shoal  Creek,  Austin,  Tex.  This  form  has  been  reported 
from  the  limestone — Fort  Worth. 

Collection, — Johns  Hopkins  University. 
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Nautilus  hilli  sp.  nov. 

PI.  XXm,  fig.  8;  PI.  XXIV,  figs.  8,  4. 

Description, — Size  varies  from  small  to  medium;  subovate;  com- 
pressed; dorsum  boldly  rounded;  umbilicus,  medium,  circular,  small; 
aperture  not  complete,  increasing  gradually  in  size;  posterior  por- 
tion semielliptical,  deeply  excavated  by  preceding  volution;  longest 
diamet-er  measures  about  105  mm. ;  greatest  width  a  little  below  cen- 
ter; septa  moderately  concave  forward;  sutures  on  leaving  the  umbili- 
cus are  directed  forward  for  a  short  distance,  then  turn  with  a  sharp 
curve  and  run  backward  for  a  slightly  greater  distance,  turning  again, 
this  time  with  a  broader  curve;  they  run  forward  once  more  for  a  dis- 
tance about  equal  to  their  previous  backward  course  and  pass  over 
the  dorsum  with  a  wide  curve;  siphuncle  situated  in  dorso- ventral 
plane  a  little  below  the  middle.  The  shell  is  without  decorations  and 
is  smooth  except  for  minute  growth  lines  just  distinguishable. 

In  this  form  the  septa  are  more  widely  separated  along  the  dorsum 
than  in  NautUus  texanus.     External  decorations  are  also  absent. 

LocalUy. — Shoal  Creek,  Austin,  Tex. 

Collection. — United  States  National  Museum. 

AMMONOIDEA. 

Genus  BARROISICERAS  (?)  Grossouvre. 

Barroisicbras  texanum  sp.  nov. 

H.  XXV,  figs.  1,  2. 

Dimensions, — Longest  diameter,  9  cm. ;  diameter  of  umbilicus,  12 
mm. ;  convexity,  2  cm. 

Description. — Shell  medium,  subovate,  compressed;  umbilicus  deep, 
medium,  sides  gently  rounding  to  surface;  body  chamber  incomplete, 
poorly  preserved,  increasing  gradually  in  size,  passing  at  least  half- 
way around  whorl;  greatest  thickness  of  shell  about  one-third  distance 
from  dorsal  to  ventral  margin.  As  ribs  pass  from  umbilicus  over 
whorl  they  become  somewhat  curved  and  obscurely  tubercled,  and  on 
the  venter  develop  a  low,  oblong  tubercle.  Ribs  28  or  more  to  the  whorl. 
Sutures  as  a  whole  not  extremely  complex;  as  far  as  visible  on  speci- 
men consist  of  a  ventral  superior  and  inferior  lateral  and  two  auxiliary 
lobes  and  an  external  lateral  and  three  auxiliary  saddles;  of  these  the 
ventral  lobe  is  the  most  complex  in  outline;  the  superior  lateral  less 
so;  inferior  lateral  and  auxiliaries  progressively  less  complicated  and 
rapidly  decreasing  in  size  until  they  disappear  as  mere  notches;  of 
the  saddles  the  external  is  most  sinous  in  outline,  having  a  conspicu- 
ous notch  in  the  center;  lateral  saddle  slightly  wavy;  auxiliaries 
decreasing  rapidly  in  size. 

This  species  is  represented  by  a  single  poorly  preserved  specimen. 
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Only  fragments  of  the  shell  now  remain  adhering  to  the  internal  east, 
and  nowhere  is  the  surface  preserved.  The  suture  lines  appear  to 
have  suffered  somewhat  from  solution. 

Locality. — Little  Bear  Creek,  Hays  County,  Tex. 

Collection. — United  States  National  Museum. 

Babroisiceras  hyatti  sp.  nov. 

PL  XXV,  figs.  3,  4. 

Dimensions. — Longest  diameter,  4.  cm. ;  diameter  of  umbilicus,  8 
mm. ;  convexity,  15  mm. 

Description. — Shell  small,  compressed;  umbilicus  deep,  medium; 
sides  sloping  gently  to  surrounding  surface;  greatest  thickness  of 
shell  about  one-third  distance  from  dorsal  to  venti*al  margin.  As  ribs 
pass  from  umbilicus  over  whorl  they  develop  a  slight  double  curve, 
carrj'ing  obscure  tubercles,  and  on  the  venter  develop  a  low,  oblong 
tubercle.  Suture  not  very  complex;  consists  of  ventral,  superior, 
inferior  lateral,  and  two  auxiliaiy  lobes  and  external,  lateral,  and 
three  auxiliary  saddles,  ventral  and  superior  lateral  saddles  of  about 
equal  complexity;  inferior  lateral  and  auxiliary  lobes  of  progressively 
less  strength  and  finally  dwindle  to  mere  notches;  external  and  lateral 
saddles  somewhat  wary  in  outline,  but  auxiliaries  reduced  to  simple 
curves. 

This  species  is  represented  by  a  fragment  of  an  internal  cast  about 
an  inch  in  length.  A  small  portion  of  the  shell  still  adheres  to  the 
cast,  showing  a  smooth  and  undecorated  surface. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection. — United  States  National  Museum. 
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By  T.  Wayland  Vaughan 


AHTHOZOA. 

Parasmilia  tbxana  sp.  nov. 
PI.  xxvn,  figs.  1-3. 

Corallum  short,  subcornute;  cross  section  elliptical,  somewhat 
curved  in  the  plane  of  the  shorter  transverse  axis.  Base  not  pre- 
served intact,  but  evidently  small. 

Greater  diameter  of  calice,  14  mm;  lesser  diameter  of  calice,  10  mm; 
height  of  corallum,  15.5  mm. 

The  costaB  correspond  to  all  cycles  of  septa^  and  are  regularly  alter- 
nately larger  and  smaller  in  size,  the  larger  rather  prominent.  The 
edges  are  usually  acute,  both  edges  and  sides  granulate.  No  recog- 
nizable epitheca  on  the  outside  of  the  corallum.  Septa  in  four  com- 
plete cycles,  reckoning  six  as  the  fundamental  cycle.  The  margins 
are  somewhat  exsert.  They  are  so-called  entire;  show  no  dentations, 
but  some  obscure  crenations.  The  septal  faces  show  striations,  with 
granulations  along  their  courses;  the  strise  are  fine  and  alternate  in 
position,  i.  e.,  the  stri»  on  opposite  sides  of  a  septum  do  not  stand 
opposite  each  other,  but  alternate  with  each  other.  The  septal  con- 
stitution, as  interpreted  from  the  striae,  is  of  ascending  trabeculsB, 
with  an  area  of  divergence  about  corresponding  in  position  with  the 
wall.  No  pali  could  be  discovered  on  any  septum,  the  larger  septa 
being  directly  continuous  to  the  columella.  The  members  of  the  first 
and  second  cycles  and  some  of  the  third  reach  the  columella.  There 
is  some  dissepimental  endotheca,  and  apparently  occasional  dissepi- 
ments exist  between  the  cost».  The  calicular  fossa  is  moderately 
deep,  not  very  narrow.    The  columella  is  very  well  developed,  vesicular. 

Locality. — Shoal  Creek,  Texas. 

Th/pe. — In  the  United  States  National  Museum. 

Remarks, — The  only  other  species  of  Parasmilia  from  the  Cretace- 
ous of  Texas  is  P.  aiistinensis  Roemer,**  from  the  Edwards  limestono, 

oUeber  eine  durch  die  Hftoflgkeit  Hippariten-artigrer  Chamiden  ana^zeichnete  Fauna  der 
oberturonen  Kreide  von  Texas.  Mit  8  Tafeln.  PaliDontolosische  Abhandlnngen,  Vol  IV,  pt  4. 
Berlin,  1888,  p.  284,  PI.  XXI,  Flfirs  la.  lb. 
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near  Austin.  A  most  striking  difference  between  the  two  species  is, 
the  cost®  in  Roemer's  species  are  equal  in  size,  while  in  P.  texana 
they  alternate  most  pronouncedly. 

Trochosmilla  (?)  sp.  indet. 

PI.  XXVn,  figs.  4,  5. 

This  species  is  represented  by  a  single  broken  specimen,  from  which 
one  can  not  make  out  sufficient  detail  to  determine  the  genus.  The 
specimen  is  19  mm.  high;  the  broken  base  has  a  greater  diameter  of 
8  mm.;  the  greater  diameter  of  the  calice  is  about  15.5  mm.,  and 
the  lesser  10  mm.  or  slightly  more.  The  corallum  is  very  nearly 
straight;  the  calice  is  apparently  inclined  to  the  vertical  axis,  the 
shorter  transverse  axis  not  lying  in  a  horizontal  plane.  Wall,  solid; 
costflB  well  developed,  corresponding  to  all  septa,  regularly  alternat- 
ing in  size.  The  larger  cost®  are  tall,  narrow,  and  thin,  with  sharp 
edges.  Over  the  costsB  are  many  granulations.  This  is  the  extent  of 
the  detail  that  can  be  described. 

Locality, — Shoal  Creek,  Texas. 

Type, — United  States  National  Museum. 

Coral  sp. 
PI.  XXVI,  figs.  2,  3. 

A  fine,  large,  simple  coral,  whose  size  and  form  are  shown  by  the 
figures.  The  whole  of  the  interior  of  the  corallum  has  decayed, 
therefore  the  genus  can  not  be  determined. 

Locality. — Shoal  Creek,  Texas. 

Specimen  figured, — Johns  Hopkins  University. 

ORBICELLA  (?)  TEXANA  Sp.  nov. 

PI.  XXVI,  fig.  1;  PI.  xxvn;  fig.  e. 

Corallum  forming  rather,  large  masses,  as  much  as  140  mm.  high 
and  more  than  that  much  across.  The  corallites  are  small,  the  usual 
diameter  being  between  1  and  2  mm.;  they  are  crowded  or  not,  the 
dist^ince  between  adjacent  corallites  being  in  some  cases  as  great  as 
the  diameter  of  the  corallites.  The  costsB  are  prominent  and  join  the 
corallites  one  to  another.  The  usual  number  of  septa  is  20,  10 
small  and  10  large;  they  are  much  thicker  at  the  wall  than  in  the 
costal  or  inner  portion.  The  lateral  faces  bear  rather  tall,  erect 
spines.  Exotheca  present;  endotheea  rare.  Columella  poorly  devel- 
oped, composed  of  a  few  processes  from  the  inner  ends  of  the  septa. 

Locality, — Shoal  Creek,  Texas. 

Type, — Johns  Hopkins  Universit3\ 

Reviarks. — The  spc^eimens  referred  to  this  species  are  embedded  in 
a  hard  yellow  limestone,  the  condition  of  preservation  being  such 
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that  it  is  impossible  to  describe  them  iu  detail.  There  is  a  possibilitj^ 
that  the  species  may  be  a  Stephanoco^nia,  This  species  might  be 
confused  with  AstrociBnia  giuxdalupce  Roemer.'*  The  latter  species, 
according  to  Roemer's  generic  reference,  would  have  a  styliform 
columella,  but  his  description  of  this  part  of  the  skeleton  is  not 
explicit.  A,  giuidalupcB  is  an  Edwards  limestone  fossil,  as  Roemer 
states,  and  the  specimens  have  been  changed  into  black  flint.  Flints 
are  found  only  in  the  Edwards  limestone  in  Texas. 

Lbptophyllia  sp.     (No.  1.) 
PI.  xxvn,  figs.  9-11. 

This  specimen  is  fragmentary,  being  broken  across  the  top.  The 
transverse  outline  is  not  exactly  but  is  approximately  circular;  the 
diameter  of  the  upper  broken  end  is  about  20  mm. ;  the  height  of  the 
specimen  is  about  14  mm.  The  outside  of  the  corallum  is  not  pre- 
served in  its  original  condition.  No  scar  of  detachment  was  seen. 
There  appears  to  be  no  well-developed  wall;  the  outer  ends  of  the 
septa  have  a  discontinuous  coating  over  them  that  in  part  is  probably 
epithecal  in  character.  The  septa  are  very  numerous,  thin,  crowded, 
and  extremely  perforate.  Nine  septa  were  counted  in  the  space  of 
5  mm.  Synapticula  are  numerous,  and  apparently  there  are  also 
some  dissepiments.  There  is  no  columella.  A  considerable  number 
of  the  larger  septa  reach  the  axial  space. 

Locality. — Shoal  Creek,  Texas. 

Specimen. — In  the  United  States  National  Museum. 

Lbptophyllia  sp.     (No.  2.) 

PI.  XXVn,  figs.  7.  8. 

The  single  specimen  of  this  species  is  good,  but  not  perfect.  The 
chief  difficulty  in  treating  the  species  is  that  one  specimen  is  not  suf- 
ficient to  give  an  adequate  idea  of  all  the  essential  specific  characters. 

The  corallum  is  simple,  irregular  in  shape,  low,  with  an  elliptical 
cross  section.  The  base  is  not  well  preserved,  but  the  corallum  is 
apparently  attached  and  the  base  is  probably  moderately  large. 

Greater  transverse  diameter,  20  mm.;  greater  diameter  of  calice, 
1G.5  mm.;  lesser  diameter  of  calice,  13.5  mm.;  height  of  corallum, 
11  mm. 

Through  an  apparent  deformity,  the  calice  became  constricted  at 
a  certain  height  above  the  base,  so  that  the  transverse  diameters  of 
the  calice  are  not  so  great  as  the  greatest  diameters  of  the  corallum. 
The  figures  show  these  features. 

Neither  true  theca  nor  pseudotheca  is  present.  There  appears  to  be 
some  epitheca.     Synapticula  are  abundant  between  the  peripheral 

aKreidebildnngen  von  Texas  and  ihre  organischen  EinschlOase,  Bonn,  18592,  p.  87,  PI.  X, 
fig.  8,  a,  b. 
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ends  of  the  septa.  The  septa  are  crowded,  not  very  thick;  as  nearly 
as  could  be  made  out,  in  five  cycles,  six  systems;  the  fifth  cycle  may 
not  always  be  complete.  Only  a  portion  of  the  calice  is  well  preserved. 
The  septal  faces  are  granulate ;  septal  perforations  fairly  abundant, 
especially  on  the  inner  portions  of  the  larger  septa.  Synapticula  are 
rather  abundant,  and  there  may  be,  though  I  am  not  certain,  an  occa- 
sional dissepiment.  There  is  no  developed  columella;  the  septa  of  the 
first,  second,  and  third  cycles,  and  some  of  the  fourth,  meet  in  the 
axial  space. 

Localiiy, — Shoal  Creek,  Texas. 

Spe(dmen  descriled  and  figured. — United  States  National  Museum. 

This  species  differs  from  LeptophyUia  sp.  (No.  1)  by  being  elliptical 
in  cross  section  and  having  less  perforate  septa.  The  number  of 
septa  to  5  mm.  is  the  same  for  both  species.  They  may  in  reality 
belong  to  the  same  species,  but  such  can  not  be  proved  from  the 
material  at  my  disposal. 
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Page. 
Fio.  1.  Orbicella  (?)  texana  Vaughan.    G^eneral  view  of  a  specimen;  height, 

as  placed  in  figure,  126  mm - 38 

Figs.  2, 3.  Coral  sp.    Two  views  of  the  same  specimen;  height  of  8i>ecimen, 

49.5  mm 38 
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CORALS  OF  THE  BUDA  LIMESTONE. 

F108.I-8.  Parasmilia  texana  Vanghan 87 

Figs.  1,  2,  two  npright  views  of  the  corallmn:  height,  15.5  mm.  Fig. 
8,  calicnlar  view;  greater  diameter,  14  mm. 

FiOH.  4, 5.  Trochosmilia  (?)  sp.  indet.    Height  of  specimen,  17  mm 38 

Fkj.  6.  Orbicella  (?)  texana  Vanghan.    Cross-section  of  a  corallite  enlarged 

ten  times;  diameter,  2  mm 38 

Fkih.  7,  H.  Leptophyllia  sp.  (No.  2) ^ . .        39 

Fig.  7 ,  calicnlar  view;  lesser  transverse  diameter  of  calice,  13.5  mm.  Fig. 
8,  view  of  corallnm  from  side;  height.  11  mm. 

FiOH.9-11.  Leptophyllia  sp.  (No.  1) 89 

Fig.  9,  view  from  side;  height,  14  mm.  Fig.  10,  portion  of  broken  npper 
snrface,  showing  very  perforate  and  disconnected  character  of  the 
septa,  enlarged  fonr  times.  Fig.  11,  a  few  septa;  shows  synapticnla, 
enlarged  seven  and  one-third  times. 
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INTRODUCTION. 


By  Henry  Shaler  Williams. 


The  following  paper  is  a  contribution  to  the  knowledge  of  the  fossil 
faunas  of  the  Devonian  of  the  United  States.  It  was  begun  by  Mr. 
Oleland  as  a  piece  of  research  work  in  the  course  of  study  for  the 
doctorate  degree  at  Yale  University,  and  was  used  as  a  thesis  in 
taking  the  degree  of  doctor  of  philosophy  in  June,  1900.  During  the 
summer  of  1901  some  additional  work  was  put  on  it,  based  upon  more 
extended  field  work. 

The  value  of  the  investigation  consists  chiefly  in  the  statistics  it 
furnishes  as  to  the  approximate  composition  of  each  of  the  successive 
faunules  making  up  the  total  fauna  occupying  the  Hamilton  forma- 
tion of  central  New  York.  In  it  account  is  given  of  the  species 
obtained  in  a  careful  and  full  examination  of  every  foot  of  the  sec- 
tion from  the  top  of  the  Onondaga  (Comiferous)  limestone  to  tlie  base 
of  the  Tully  limestone,  both  of  which  are  well  marked  in  the  Cayuga 
Lake  section,  thus  constituting  definite  limits  for  the  Hamilton  for- 
mation of  this  particular  region. 

All  the  fossiliferous  zones  (seventy-six  in  number)  were  examined, 
and  upon  analysis  of  the  faunules  of  each  zone  those  which  were  so 
closely  alike  as  to  signify  practically  the  same  set  of  species,  associated 
in  the  same  biological  equilibrium  of  relative  abundance,  were  grouped 
together,  constituting  in  all  twenty-five  separate  faunules.  These 
may  properly  be  described  as  the  faunules  of  the  twenty-five  suc- 
cessive hemersB  into  which  the  Hamilton  epoch  of  this  section  may  be 
distinguished  by  its  fossils.  These  faunules  are  associated  with  more 
or  less  definite  changes  in  the  character  of  the  sediments  in  which 
they  were  buried.  The  separate  divisions  of  the  formation  thus 
recognized  by  slight  differences  in  faunal  composition  as  well  as  in 
lithologic  constitution  may  be  called  zones.  The  Hamilton  formation, 
its  fauna,  and  the  particular  section  here  studied  are  well  known  to 
paleontologists,  so  that  the  species  can  be  easily  recognized  and 
listed.  In  making  the  collections  special  attention  was  given  to  the 
discovery  of  the  relative  abundance  of  the  species  found  associated 
together  in  each  rock  stratum.  Direction  was  given  to  collect  the 
fossils  as  near  as  possible  in  the  proportion  of  numbers  presented  by 
the  natural  oooorrenoe  in  the  rooks.    Instead  of  attempting  to  dis- 
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cover  rare  species,  the  purpose  was  to  let  the  preserved  collection 
represent  as  perfectly  as  possible  the  natural  proportion  of  associa- 
tion. The  working  up  of  the  collection  was  made  to  express  this 
natural  proportion  expressed  by  the  species. 

The  identification  of  species  is  probably  always  affected  more  or 
less  by  personal  judgment.  In  order  to  make  the  statistics  of  the 
greatest  relative  value,  therefore,  no  attempt  was  made  to  criticise 
these  personal  elements  in  the  author;  and  while  it  is  probable  that 
another  worker  dealing  with  the  same  specimens  would  not  reach 
absolutely  identical  listing  of  species,  it  is  probable  that  the  errors,  if 
any,  from  inaccuracy  of  specific  identification  are  so  small  relatively 
as  to  not  disturb  the  statistical  value  of  the  facts  recorded.  Further 
and  more  exhaustive  search,  also,  may  be  exp^^^eted  to  considerably 
modify  the  staUstic-s  here  given;  but  even  this  fact  does  not  detract 
from  the  value  of  those  here  recorded.  The  more  refined  the  analyses 
become  the  more  perfect  will  be  our  knowledge  of  faunal  composi- 
tions. The  present  investigation  is  a  step  in  the  direction  of  attain- 
ing the  fullest  possible  perfection  in  i-ecording  faunal  statistics,  an<l 
in  making  these  faunal  analyses  as  perfect  as  they  can  be  made, 
toward  which  end  the  contributions  of  many  workers  will  be  needed. 
With  such  statistics  in  hand  we  may  hope  to  understand  better  the 
laws  of  evolution  as  affected  by  and  related  to  the  varying  conditions 
of  environment  and  time. 

It  will  be  noticed  that  the  thickness  of  the  Hamilton,  as  measured 
by  Prosser  in  the  Ithaca  well,  is  1,224  feet — that  is,  between  the  top  of 
the  Onondaga  (Corniferous)  limestone  and  the  base  of  the  Tully  lime- 
stone. The  exact  thickness  was  not  determined  by  the  author.  The 
reason  for  this  is  that  the  great  thickness  and  similarity  in  the  charac- 
ter of  the  rock  of  Zones  B  and  C  made  the  accurate  measurement  of 
these  zones  impossible.  This  is  shown  in  the  section  (fig.  2)  by  broken 
lines.  Nevertheless  it  is  believed  that  the  discrepancy  does  not 
affect  the  accuracy  of  the  succession  of  the  fossiliferous  zones 
recorded  in  this  paper.  Attention  is  here  called  to  the  fact  in  order 
to  show  how  difficult  it  is  to  make  exact  correlation  for  short  dis- 
tances when  the  sediments  are  of  similar  composition  and  structure 
and  the  general  fauna  is  the  same.  For  the  purpose  of  ascertain- 
ing the  exact  thicknesSiOf  each  zone,  a  continuous  section  is  neces- 
sary, but  a  long  series  of  shorter  sections,  where  the  dip  is  slight, 
offers  the  advantage  of  a  greater  number  of  exposures  of  the  rocks  for 
the  collection  of  the  fossils.  It  is  hoped  that  the  present  sample  of 
what  can  be  done  in  the  way  of  an  historical  study  of  a  fossil  fauna 
may  inspire  other  workers  to  make  similar  studies  of  the  rocks  in  their 
own  localities  for  comparison  and  demonstration  of  the  geographical 
as  well  as  the  geological  modifications  of  fossil  faunas. 
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The  material  for  this  study  was  collecte<l  during  three  months  of 
the  summer  of  1899  and  during  May,  1901,  from  the  Hamilton  formation 
exposed  along  the  east  side  of  Lake  Cayuga  and  the  west  side  of 
Seneca  Lake.  Commencing  at  the  Onondaga  (Corniferous)  limestone, 
an  attempt  was  made  to  collect  the  complete  faunule  from  each  zone 
throughout  the  entire  Hamilton  formation  up  to  the  TuUy  limestone. 

In  the  identification  of  the  fossils  the  principle  has  been  followed 
that  unless  absolutely  necessary  no  new  species  or  varieties  should  be 
described,  but  that  all  doubtful  specimens  should  be  referred  to 
species  already  figured. 

The  writer  is  indebted  to  Prof.  H.  S.  Williams  for  many  helpful 
suggestions  concerning  methods  of  work. 
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A  STUDY  OF  THE  FAUNA  OF  THE  HAMILTON  FORMA- 
TION OF  THE  CAYUGA  LAKE  SECTION  IN  CENTRAL 
NEW  YORK. 


By  Herdman  Fitzgerald  Cleland. 


CHAPTER   I. 

GENERAL  DESCRIPTION  AND  GENERAL  GEOLOGY  OF  CAYUGA 

LAKE  REGION. 

GENERAL  DESCRIPTION. 

The  region  studied  is  about  70  miles  west  of  the  center  of  New 
York  Stat«,  and  extends  across  about  one-third  of  the  State  from 
north  to  south,  the  center  of  the  region  being  nearly  in  the  center  of 
the  north-south  line.  Cayuga  Lake,  along  the  east  side  of  which  the 
material  for  this  study  was  collected,  is  one  of  the  so-called  "finger 
lakes"  of  the  St.ate,  and,  with  its  outlet,  forms  the  boundary  between 
Seneca  and  Cayuga  counties. 

In  the  western  two-thirds  of  the  State  the  strata  strike  in  an  east- 
west  direction  and  dip  to  the  south.  Because  of  this  southerly  dip 
it  is  possible  for  one  to  see  a  large  part  of  the  Paleozoic  section  in  a 
comparatively  short  distance  in  passing  from  north  to  south.  The 
Cayuga  Lake  region  itself  embraces  all  of  the  formations  between  and 
including  the  Salina  and  the  Ithaca. 

This  region  is  overlain  by  glacial  drift,  which  hides  the  rock,  except 
where  worn  away  by  erosion.  Almost  everj'  stream  that  enters  the 
lake  has  cut  a  deep  gorge  through  the  drift  and  into  the  shale,  mak- 
ing excellent  exposures.  The  gorges  thus  formed  often  have  banks 
of  shale  100  feet  or  more  in  height.  In  all  of  these  creeks  there  are 
from  one  to  four  falls,  the  highest  of  which  are  caused  by  four  strata 
of  limestone  and  the  hard  sandstones  or  flags  of  the  Portage.  A 
description  of  Shurger  Glen,  about  5  miles  from  the  south  end  of  the 
lake,  will,  in  a  general  way,  answer  for  all  the  streams  flowing  into 
the  lake,  the  only  difference  being  that  the  streams  farther  down  the 
lake  do  not  flow  over  the  Tully  limestone.  Portage  sandstone,  etc., 

13 


Digitized  by 


Google 


14  FAUNA    OF   HAMILTON    FORMATION.  [bull.  206. 

and  consequently  have  fewer  falls.  In  Shur- 
ger  Glen  there  are  four  sets  of  falls.  The 
first,  nearest  the  lake,  about  30  feet  high,  is 
caused  by  the  Encrinal  beds  (limestone) ;  the 
second,  b}^  a  hard  shale;  the  third,  by  the 
TuUy  limestone;  and  the  fourth,  by  the 
Portage.  In  Paines  Creek  near  Aurora  the 
Tully  and  Portage  have  been  eroded  away, 
leaving  the  Encrinal  and  the  hard  calcare- 
ous shales  of  Zone  D  at  Moonshine  to  form 
the  fall.  In  the  creeks  at  Parleys  the  upper 
hard  limestone  capping  the  Marcellus  shale, 
Zone  B,  forms  the  falls. 

GENERAL  GEOLOGY. 

Tlie  lake  section. — In  traveling  from  the 
village  of  Cayuga  to  Ithaca  one  passes  over 
and  can  (»ollect  from,  (1)  the  Eurypterus  beds 
(Rondout  limestone  orWaterlime),  (2)  black 
gypsum  (probably  Rondout  limestone),  (3) 
Stromatopora  beds  (Manlius  limestone^), 
(4)  Oriskany  sandstone  (this  formation  has 
a  maximum  thickness  here  of  4  feet  10  inches 
and  tliins  out  to  nothing  in  less  than  a  mile, 
leaving  the  Onondaga  (Corniferous)  in  con- 
tact with  the  Lower  Helderberg),  (5)  Onon- 
daga limestone,  (G)  Marcellus  shales,  (7) 
Ilaiuilton  shales  and  impure  limestones,  (8) 
Tully  limestone,  (9)  Genesee  shale,  (10)  Port- 
age shales  and  sandstones.      (See  fig.  1.) 

For  the  purpose  of  this  paper  it  will  not 
be  necessary  to  speak  more  fully  of  any  of 
the  formations  mentioned  above,  with  the 
exception  of  the  Hamilton. 

Ham  iIio7i  formation. — The  description  of 
the  shales  and  limestones  of  the  Hamilton 
format  ion  is  given  in  detail  in  the  descrip- 
tion of  the  different  zones  which  make  up 
this  formation.  In  general  it  may  be  said 
that  the  Marcellus  shales  immediately  above 
the  Onondaga  limestone  (where  they  are  very 
black  and  fine)  alternate  with  eight  or  ten 

' layei*s  of  impure  limestone  for  a  distance 

Fio.i.-Caynija  Lake  section,     ^^f  jq  feet.     The  shalc  bccomcs  harder  and 

A,  Marcellus  shah*;  B,  Hamilton  for-  ^     i       .  j     i  'xi 

mation;  b'.  limestone  of  zone  D;  saudy  toward  the  top  and  closcs  With  a  very 
b",  Encrmai  bods.c,  Tully  lime-  hard,  impure  limestoue.     The  Marcellus,  af» 

stone;  D,  Genesee  shale;  E,  Port- _ 

age;  F,  Ithaca.  aMemoir  New  York  Mas.,  VoL  III, No.  3, Oct.,  1800» pp. 8-« 
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shown  by  a  recent  well  boring,  is  81  feet  thick.  Above  this  limestone 
are  the  shales  of  Zone  C,  several  hundred  feet  thick,  which  are  very 
soft,  with  occasionally  a  harder,  more  calcareous,  or  sandy  layer,  and 
several  courses  of  concretions.  The  thick,  impure  limestone  or  hard 
calcareous  shale,  Zone  D,  which  overlies  the  soft  shales  of  Zone  C,  is 
very  marked  because  of  it«  haixiness  and  richness  in  fossils.  Immedi- 
ately above  this  zone  and  in  contact  with  it  is  a  layer  of  shale  50  feet 
thick,  as  fine  and  black  in  the  lower  part  as  the  Marcellus  shale. 
Above  this  the  calcareous  Hamilton  shales  continue  to  the  Encrinal, 
becoming  somewhat  harder  as  the  Encrinal  is  approached. 

Encrinal  heel, — The  Encrinal  is  a  crystalline  limestone  about  1^ 
feet  thick.  Above  this  the  Upper  Hamilton  or  Moscow  shales  extend 
to  the  TuUy  limestone.  The  Upper  Hamilton  shales  vary  greatly  in 
hardness  and  faunal  combination. 

Concretionary  layers. — Concretions  appear  not  far  from  the  Encrinal 
beds.  These  concretionary  layers  are  at  first  shaly,  but  in  the  Cayuga 
Lake  section  become  progresssvely  more  calcareous  as  the  TuUy  lime- 
stone is  approached. 

The  persistence  of  the  concretionary  layers  was  observed  for  some 
distance.  One  course,  which  contained  Leiorhynchus  laura  and  Orbi- 
cvloidea  lodiensis  media  (Zone  V),  was  observed  at  Shurger  Glen, 
Lake  Ridge,  and  King  Ferry,  a  distance  of  12  miles.  These  con- 
cretions could  not  be  identified  in  the  Seneca  Lake  section.  The 
thin  layer  of  limestone  under  the  TuUy,  included  in  Zone  Y,  was 
noted  at  these  places  also.  Both  the  limestone  layers  and  the  fossils 
of  Zone  Y  were  wanting  in  the  Seneca  Lake  region.  Zone  H  at  King 
Ferry,  containing  small  upright  concretions,  with  a  characteristic 
fauna,  was  found  also  in  Paines  Creek,  5  miles  north.  The  extent  of 
the  Encrinal  l>eds  and  hard  calcareous  shales  of  Zone  D  is  spoken  of 
in  another  place  (pp.  82-83). 

Jointing, — The  jointing  of  the  rock  in  this  whole  region  is  excep- 
tionally well  developed.  The  joint  planes  have  a  direction  of  X.  20°- 
30°  W.  and  S.  5°-15°  E.,  and  are  almost  vertical.  (See  PI.  II.) 
This  jointing  accounts,  in  large  measure,  for  the  perpendicular  faces 
of  the  falls  and  cliffs  which  are  so  noticeable  in  this  region. 

TuUy  fold. — As  one  goes  up  the  lake  from  Union  Springs  the  gen- 
eral dip  of  the  rock  to  tlie  south  is  very  noticeable,  the  different  strata 
continuing  for  solne  distance  and  then  disappearing  under  the  lake. 
Using  the  Tully  as  a  reference  plane, ^  it  was  found  that  from  King 
Ferry  to  Lake  Ridge  the  strata  descend  about  45  feet  to  the  mile.  To 
Uu^  .south  the  Tully  limestone  takes  a  horizontal  position  and  remains 
a  little  above  lake  level  for  about  3  miles.  It  there  rises  into  an  arch 
over  G  miles  long,  with  its  highest  point  at  least  235  feet  above  the 
lake.     From  this  point  south  the  dip  is  very  rapid,  varying  from  a 


aDipof  rockH  m  central  New  York,  by  S  G  Williams   Am  Jour.  Sci  ,  3d  series,  Vol  XXVI, 

imi  pp.  an3-3(i5. 
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maximam  of    400  feet  to  the   mile,   the   average    being  110   feet. 
Vanuxem**  noticed  this  fold,  and  explained  it  as  an  apparent  but  not 
a  real  fold,  reasoning  that  since  the  strata  dipped  southward  the  bend 
of  the  lake  to  the  east  would  cut  into  the  strata  and  give  the  appear- 
ance of  a  fold.     The  direction  and  amount  of  dip  of  the  sti-ata  are 
such  that  the  bend  in  the  lake  could  not  alone  have  produced  such  an 
arch,  although  it  undoubtedly  had  some  effect.     The  folds  along 
Seneca  Lake  and  the  fault  in  the  outlet  of 
a  west-of -north  direction  from  the  Cayu| 
explanation  that  this  whole  region  suffer 
cient  to  crumple  the  strata,  thus  forming  a 
at  Cayuga  Lake  and  the  undulations  in  th 
a  part.     The  impure  limestone  of  Zone  D 
cuts  through  it  twice  before  it  reaches  the 
Gully  Creek  the  limestone  which  caps  tl 
through  by  the  stream  before  it  reaches  tl 
to  the  south,  forming  falls  in  two  small  st 
The  fact  that  the  region  is  not  faultec 
seen,  and  that  the  creeks  cut  through  the  \ 
makes  the  collecting  especially  easy,  and  r 
liability  to  error  in  locating  the  horizons 
difficulties  in  the  way  of  making  accura 
instruments  at  hand  were  such  that  all  nv 
approximate. 


o  G^eolo^  of  New  York.    Survey  of  the 
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JOINTING   IN    UPPER   HAMILTON   SHALE  AT  SHURGER  GLEN. 

The  »tr©am  falls  over  Tully  limestone. 
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CHAPTER  II. 
HISTORY  OF  THE  HAMILTON  FORMATION. 

McClure. — The  first  American  geologist,  William  McClure,  pub- 
lished a  geological  map  of  the  United  States  in  the  Transactions  of 
the  American  Philosophical  Society  in  1809.  In  this  map  "he  struck 
out  the  ground  outline  of  geographical  geology. "«  The  line  separat- 
ing the  "Primitive  rocks"  from  the  "Floetz,  or  secondary,"  followed 
the  Oneida  and  Mohawk  rivers  of  New  York  to  the  Hudson  River. 
All  the  country  between  the  Alleghenies  and  a  line  running  north 
and  south  through  the  western  boundary  of  Arkansas,  with  the 
exception  of  a  narrow  strip  along  the  Gulf  of  Mexico,  is  marked  as 
Floetz,  or  secondary,  and  embraces,  in  a  general  way,  the  formations 
from  the  Silurian  to  the  Pleistocene.* 

Eaton. — Amos  Eaton  after,  for  that  time,  considerable  travel  and 
observation,  published  An  Index  to  the  Geology  of  the  Northern 
States  in  1820,  and  later,  under  the  patronage  of  Stephen  Van  Ren- 
sellaer,  made  a  geological  survey  of  the  district  adjoining  the  Erie 
Canal.     These  observations  he  published  in  1824.^ 

Werner, — These  pioneers  in  geology  were  followers  of  Werner,  who 
attempted  to  correlate  the  strata  in  America  with  those  of  Europe  as 
described  by  the  German  geologist.  As  Werner  depended  entirely 
upon  the  lithological  character  of  the  strata  for  his  correlations  (the 
value  of  fossils  in  correlation  not  being  known  at  that  time)  great  con- 
fusion resulted. 

Early  attempts  at  correlation. — Since  the  Old  Red  sandstone  of  Eng- 
land is  a  conspicuous  formation,  both  McClure  and  Eaton  took  it  as  a 
convenient  reference  plane.  Eaton  first  correlated  it  with  the  Catskill 
sandstone  (Devonian)  and  the  Triassic  sandstone  of  the  Connecticut 
River.  McClure  considered  the  Red  sandstone  of  the  Medina  group 
(Silurian)  and  the  Triassic  sandstone  of  the  Connecticut  River  as  the 
equivalent  of  the  Old  Red  sandstone  of  Europe.  In  1824  Eaton  con- 
cluded that  **  the  *01d  Red  sandstone'  rests  on  the  Metalliferous gray- 
wacke  [Utica  and  Hudson  River  group]  and  underlies  the  Millstone 
grit"  [Oneida  conglomerate  of  the  Medina  group];  that  is,  that  the 
Old  Red  sandstone  (Devonian)  should  be  correlated  with  a  portion  of 
the  Medina  sandstone,  thus  placing  the  greater  part  of  the  Upper 
Silurian  and  the  Devonian  in  the  Carboniferous. 

Search  for  coal. — Aftc^r  the  decision  was  reached  that  the  Red  sand- 
stone of  the  Medina  was  equivalent  to  the  Old  Red  sandstone  (Devo- 

a  Index  to  the  Qedogry  of  the  Northern  Statee,  by  Amoe  Eaton,  1820,  p.  vili. 

5Trans.  Am.  Phlloe.  Soc.,  Vol.  VI,  1809,  pp.  411-428. 

c Geological  and  Agrricnltoral  Surrey  of  the  District  adjoining  the  Erie  CanaL 
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nian)  of  England  which  underlies  the  coal,  Eaton  expected  to  find  coal 
in  some  of  the  formations  in  the  southern  part  of  the  State,  and  advised 
the  people  who  lived  south  of  the  Medina  sandstone  to  dig  for  coal 
wherever  there  were  any  indications.  Eaton's  belief  that  what  we  now 
know  to  be  the  Devonian  was  Carboniferous  was  strengthened  by  the 
finding  of  thin  layers  of  carbonaceous  matter  in  what,  from  the  locali- 
ties mentioned,  must  have  been  the  Marcellus  and  Gtenesee  shales. 
This  coal  in  very  thin  layers  is  occasionally  found  in  these  horizons. 
Because  of  this  advice  a  great  deal  of  money  was  wasted  in  a  vain 
search  for  coal. 

The  different  formations  of  the  Devonian  were  not  distinguished  by 
Eaton.  The  "third  graywacke"  or  '*pyritiferous  rocks"  included 
all  the  formations  above  the  Onondaga.  His  description  of  this 
"  rock"  as  a  calcareous  or  siliceous  gray  rock,  with  aluminous  cement, 
either  slaty  or  in  blocks  and  rich  in  fossils,  and  the  localities,  the 
end  of  Cayuga  Lake  and  the  south  shore  of  Lake  Erie,  between  its 
eastern  extension  and  Sturgeon  Point,  does  not  distinguish  between 
the  different  formations.  The  Hamilton  in  the  Cayuga  Lake  locality 
was  not  included,  as  is  shown  by  the  fact  that  the  TuUy  was  mistaken 
for  the  Onondaga  (Corniferous)  limestone. 

Conrad  and  HaU, — In  1837  Conrad  gave  as  the  object  of  the  New 
York  State  survey  the  stratigraphical  and  economic  study  of  the 
various  rock  formations.  The  attention  of  his  assistants  was  directed 
to  the  "mineral  and  fossil  contents"  of  the  rock,  as  the  fossils  "serve 
to  determine  with  much  accuracy  the  geological  age  and  character  of 
the  strata." 

In  1838  Hall  considered  the  rocks  of  western  New  York  as  belong- 
ing to  the  Devonian  and  Carboniferous.  His  reason  for  believing 
this,  he  says,  rested  chiefly  on  the  study  of  the  organic  remains,  espe- 
cially of  the  vertical  distribution  of  the  trilobite.^ 

Conrad,  in  the  same  report,  concluded  that  the  rocks  of  New  York, 
with  the  exception  of  the  Catskill,  terminated  with  the  Upper  Ludlow 
rocks  of  Murchison  [Upper  Silurian]. 

In  the  section  along  the  Genesee  River,  given  in  the  same  report, 
the  shales  between  York  and  Mount  Morris  are  marked  as  "  limestone 
shales."  This  was  one  of  the  first  attempts  to  separate  the  rocks 
above  the  Onondaga  (Corniferous)  in  New  York  State  into  finer 
divisions. 

In  the  Fourth  Annual  Report,  1840,  Hall  compared  the  fossils  from 
the  New  York  strata  with  those  of  England  and  correlated  the  Cats- 
kill  with  the  Old  Red  sandstone  [Devonian]  of  England;  the  Chemung 
to  Moscow  shales  [Upper  Hamilton],  inclusive,  with  the  Upper  Lud- 
low rocks  [Upper  Silurian] ;  and  the  Ludlowville  [Lower  Hamilton] 
and  Marcellus  shales  with  the  Lower  Ludlow  rocks  [Upper  Silurian], 
and  adopted  the  name  Ludlowville  to  show  this  correlation. 


a  Second  Ann.  Ropt.  New  York  Geol.  Survey,  1888,  p.  291. 
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A      TULLY   LIMESTONE.  SOUTH   OF  SHURGER  GLEN. 


B.     ENCRINAL  BED.  SOUTH  OF  SHURGER  GLEN.  SHOWING  DIP  TO  THE  SOUTH. 
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The  report  of  1841  placed  the  Hamilton  (called  Sherburn  group  and 
shales  near  Apulia)  and  Marcellus  (called  Black  shale)  in  the  Aymes- 
try  [Upper  Silurian],  According  to  this  correlation  the  "  Lower  Lud- 
low rock"  closed  with  the  Onondaga  (Corniferous)  limestone. 

VemeuiPs  correlation. — In  his  concluding  remarks  on  Vemeuil's 
Parallelism  of  the  Paleozoic  Deposits  of  America  with  those  of 
Europe,^  HaU  says  that  the  "line  of  demarcation  between  the 
Devonian  and  Silurian  is  at  the  base  of  the  Upper  Helderberg  or  at 
the  bottom  of  the  Schoharie  grit.  Vemeuil  proposed  to  unite  the 
Marcellus  shale,  Hamilton  shale,  TuUy  limestone,  and  Genesee  shale 
in  one  division,  and  make  the  Portage  and  Chemung  the  second  of 
this  period.  He  correlated  the  Chemung,  Portage,  Grenesee,  TuUy, 
and  Hamilton  with  the  formations  of  Eifel  and  Devonshire;  the  Mar- 
cellus with  the  shales  of  Wissenbach  in  Nassau. 

Renevier^s  cxtrrelation. — In  the  second  edition,  1896,  of  the  Tableau 
des  Terrains  Sedimentaires  formes  pendant  des  fipoques  de  la  Phase 
Organique  du  Globe  Terrestre,  by  Professor  Renevier,  the  Marcellus 
and  Hamilton  are  taken  togetlier  and  considered  to  have  been  depos- 
ited at  the  same  time  as  the  Teiitacvlltes  shales  (lower  part)  of  Thur- 
ingia  and  Bohemia,  Wissenbacher  slates,  and  the  schists  "^  Phacojw 
Potieri  de  Bretagne."  * 

Williams's  correlation, — The  line  separating  the  Meso-  and  Eo- 
Devonian  in  America  was  determined  by  Prof.  II.  S.  Williams  to  be 
at  the  base  of  the  Tully  limestone.  Previously  the  TuUy  had  been 
included  in  the  Meso-Devonian.  The  reason  for  this  correlation  is  as 
follows :  * 

The  conclusions  we  draw  from  this  study  of  the  faunas  of  the  Cuboides  zone 
and  the  Tully  limestone  are  that  within  narrow  limits,  geologically  speaking,  the 
point  in  the  European  time  scale,  represented  by  the  beginning  of  the  dex)osition 
of  the  Cuboides  Schichten  of  Aix  la  Chajwlle,  etc. ,  is  represented  in  the  New  York 
sections  by  the  Tully  limestone,  and,  second,  that  the  representative  of  the  fauna 
of  the  Cuboides  zone  of  Euroi)e  is  seen  in  New  York  not  only  in  the  Tully  lime- 
stone, but  in  the  shaly  strata  for  several  hundred  feet  above.  Therefore,  if  we 
wish  to  express  precise  correlation  in  our  classification  of  American  rocks,  the 
line  between  Middle  and  Upper  Devonian  formations  should  be  drawn  at  the  base 
of  the  Tully  limestone,  to  correspond  with  the  usage  of  French,  Belgian,  German, 
and  Russian  geologists,  who  include  Frasnein,  Cuboides  Schichten,  and  correlated 
zones  in  the  Upper  Devonian. 

The  Meso-Devonian  must  therefore  be  considered  as  bounded  above 
by  the  Tully  and  below  by  the  Onondaga  (Corniferous). 

South  American  Hamilton. — The  sandstone  of  Erere  in  Brazil,  a 
portion  of  the  Iluamampampa  sandstone  of  Bolivia,  and  a  portion  of 
the  formations  of  the  Jachel  River  in  central  Argentina  are  correlated 
with  the  New  York  Hamilton.  These  correlations  were  determined 
chiefly  by  the  presence  of  Vitxdina  pnstulosa  and  Tropidoleptus 
carinatus, 

a  Am.  Jonr.  Scl..  fti  eeries,  Vol.  V,  pp.  176-183,  886-370;  Vol.  VD,  pp.  45-51,  218-881. 
b  Williams,  BnlL  Oeol.  Soc.  America,  Vol.  1, 1890,  pp.  48I.«00. 
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'   DESCRIPTIONS  OF  THE  FOSSILIFEROUS  ZONES. 

The  Hamilton  formation,  including  the  Marcellus  shales,  is  in  this 
region,  as  shown  by  the  Ithaca  well  section,  1,224  feet  thick.^  It  is 
bounded  above  by  the  Tully  and  below  by  the  Onondaga  (Corniferous) 
limestone. 

The  Cayuga  Lake  section  has  been  divided  into  twenty-five  zones, 
each  zone  having  been  determined  by  its  contained  fauna.  When, 
in  working  up  the  section,  there  seemed  to  be  a  change  in  the  fauna 
or  the  character  of  the  rock,  a  provisional  division  was  made,  the  total 
number  of  such  divisions  being  seventy-six.  Later,  in  working  up  the 
material  in  the  laJt)oratory,  it  was  found  necessary  to  combine  many 
of  these  divisions,  reducing  the  number  to  twenty-five. 

The  name  of  each  zone  is  the  name  of  the  group,  genus,  or  species 
which  seems  esx>ecially  characteristic  of  the  faunule  of  that  zone. 
The  name  chosen  is  not  necessarily  that  of  the  most 
unless  that  species  is,  as  far  as  our  present  knowled^ 
with  a  definite  group  of  fossils.     For  example,  the  th 
zones  have  a  faunal  resemblance  which  can  not  be  n 
in  the  first  Leiorhynchus  zone  Leiorhynchus  limiti 
teristic  species,  while  in  the  other  two  zones  the  specie 
laura.     It  is  also  true,  theit  Leiorhynchus  laura  may 
an  abundance  of  Grhicvloidea  lodiensis  media^  as  ii 
first  and  second  Amboccella  umbonata  zones  a  grouj 
which  is  often  found  associated  together  when  Amboccplia  umbonata 
is  abundant.     In  every  zone  the  fauna  is  more  or  less  modified  by 
species  from  lower  zones  continuing  on,  and  by  local  conditions,  but 
the  essential  character  of  the  fauna  is  determined  by  the  environ- 
mental conditions. 

A.  HAMILTON-ONONDAGA  (CORNIFEROUS)  ZONE. 

Stratigraphy. — This  faunule  at  Cayuga  Lake  was  found  in  a  layer 
2  inches  thick,  almost  completely  made  up  of  poorly  preserved  fossils. 
The  shale  which  held  them  together  was  composed  of  finely  com- 
minuted fossils,  principally  tentaculites.  Between  this  zone  and  the 
Onondaga  (Corniferous)  limestone  are  eight  or  ten  alternations  of 
impure  limestones  and  fine  sooty  shale,  aggregating  12  feet  (see 


aProflser,  Am.  Geglogist,  Vol.  VI,  1890,  pp.  189-211. 
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PI.  IV).     Two  feet  below  this  zone  is  a  limestone  layer  (Goniatite 
limestone),  which  is  purer  than  any  of  the  layers  between  it  and  the 
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Onondaga  limestone.     Below  an<l  above  Zone  A  the  shale  is  very  rich 
in  Styltola  fissurella  and  Tenfacuht'es, 


Digitized  by  VjOOQIC 


22  FAUKA   OP   HAKILTON   FOBMATION.  (buix.»8. 

Faunide. — The  faunole  of  this  zone  is  a  mixtnre  of  Ononda^  and 
Hamilton  species,  of  which  Brachiopoda  make  up  the  greater  part. 
It  contains  Clumetes  mucronatus,  Ambocmlia  umhonaia^  Tropiddleptus 
carinaiuSy  and  other  Hamilton  species,  together  with  Spirifer  macruSy 
Anoplotheca  camiUay  Chonetes  lineatus,  and  Phacops  cristaia  var. 
pipa  of  the  Onondaga.  The  absence  of  Chonetes  coronatus  and 
Tropiddleptus  carinatus  below  this  level  (12  feet  above  the  Onondaga) 
shows  that  the  Hamilton  must  have  been  developed  elsewhere  for  a 
long  period  of  time  before  the  deposition  of  this  zone.  The  fauna  is 
remarkable  in  that  it  is  not  a  transition  between  the  Onondaga  and 
Marcellus,  but  between  the  Onondaga  and  Hamilton.  Although  aU 
the  species  mentioned,  with  the  exception  of  CJwnetes  coronatus^ 
have  been  found  in  the  Marcellus,  they  are  not  characteristic  of  that 
horizon,  but  most  of  them  are  the  common  fossils  of  richly  fossilifer- 
ous  Hamilton  zones. 

A  faunule  of  similar  eomi)osition  was  found  in  an  impure  limestone 
9  feet  above  the  Onondaga  limestone,  at  Livonia.  This  faunule  con- 
tained Anoplotheca  camUla  associated  with  Hamilton  and  Onondaga 
fossils.^ 

Locality, — South  of  Union  Springs,  12  feet  above  the  Onondaga. 
Layer  of  gray  shale  2  inches  thick. 

B.  FIRST  LEIORHYNCHUS  ZONE  (MarceUns  shale). 

Stratigraphy, — ^In  the  first  creek  south  of  Great  Gully  Creek,  in  the 
bed  of  the  stream  near  the  mouth,  and  in  the  shale  along  the  lake 
shore  south  of  this,  flattened  spherical  concretions  occur,  many  being 
3  feet  in  horizontal  and  1^  feet  in  vertical  diameter.  No  fossils  were 
found  in  them. 

The  Marcellus  shale  closes  with  a  hard,  impure  limestone,  4^  feet 
thick,  which  is  veiy  noticeable  in  the  creeks  in  this  vicinity,  since  it 
forms  falls  wherever  it  occurs.  It  is  important  in  this  section,  because 
it  makes  a  distinct  line  between  the  shales  of  the  first  and  second 
Leiorhynchiis  zones. 

With  the  exception  of  2  feet  of  bituminous  shales  immediately 
above  Zone  A,  the  Marcellus  shales  between  Union  Springs  and  Great 
Gully  Creek  are  covered.  It  is  impossible  to  make  an  accurate  esti- 
mate of  the  thickness  of  this  zone  l>ecause  of  the  folding  of  the  strata 
in  this  region.  At  Union  Springs  the  Onondaga  is  folded,  and  at 
Great  Gully  Creek  the  limestone  layer  of  the  Marcellus  is  so  folded 
that  it  forms  two  falls.  This  same  stratum  folds  to  the  south,  mak- 
ing the  rise  of  ground  south  of  Levanna.  The  well  boring  recently 
made  at  Ithaca  (1900)  shows  tlie  fine  black  shale  of  the  Marcellus  to 
be  81  feet  thick.  It  is  probable,  therefore,  that  the  total  thickness  is 
between  80  and  100  feet. 

Faunule, — The  faunal  combination  of  this  zone  does  not  differ 
materially  from  that  of  the  second  and  third  Leiorhynchxus  zones  with 

a  J.  M.  Clarke,  Porty-Heventh  Ann.  Rept.  N.  Y.  State  Mus.,  pp.  a27-3&:5. 
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the  exception  of  the  replacement  of  L.  limitare  by  L.  laura.  In  the 
lower  portion  of  the  zone  the  shale  is  extremely  fine,  and  the  abun- 
dance of  Styliola  and  Te7itaculites  much  greater  than  in  the  other 
Leiorhyrwhus  zones.  The  shales  become  coarser  and  the  fossils  more 
abundant  (with  the  exception  of  TerUacvlites  and  Styliola)  as  Zone  C 
is  approached.  The  fauna  of  the  upper  portion  is  especially  rich  in 
Orthoceratites,  About  2  feet  below  the  limestone  is  a  nodular  layer 
extremely  rich  in  Leiorhynchus  limitare  in  an  excellent  state  of 
preservation.  The  shale  for  2J  feet  below  the  limestone  is  very  cal- 
careous and  coai*se,  but  still  contains  L,  limitare  and  its  characteristic 
fauna. 
A  Leiorhynchus  fauna  has  approximately  the  following  comjKwaition : 


Leiorhynchus  \  }f ^' 
(Imiita 


limitare. 
( mucronattis, 


Leioxx)teria  laevis. 

c  oblongatns. 
Nncnla  corbnlif ormis. 
Styliola  fissnrella. 
Tentacnlites. 
Phacops  rana. 


V 

\  lepidus. 

(Orbicnloidea  media). 

Strophalosia  tmncata. 

Limnlicardinm  fragile. 

Locality. — Near  the  mouth  of  the  creeks  between  Levanna  and 
Parleys.  The  best  exposure  for  the  upper  portion  is  in  Great  Gully 
Creek;  for  the  lower,  the  quarries  south  of  Union  Springs. 

C.  SECXDND  LEIORHYNCHUS  ZONE. 

Stratigraphy, — This  zone  is  quite  uniform  in  its  lithological  and 
faunal  characters  with  the  exception  of  one  layer  of  dark  calcareous 
shale  about  15  feet  above  the  Marcellus  shale,  which  contains  a  greater 
number  of  Pliacops  rana  and  ATtibocoelia  umbonata  than  is  usual 
elsewhere  in  the  section.  As  a  rule  the  shale  is  fine  and  seldom  con- 
tains more  than  eight  or  nine  species  to  each  5  feet.  Two  courses  of 
concretions  occur  70  feet  below  Zone  D.  Occasionally  a  harder  layer 
occurs;  but,  with  the  exception  mentioned,  the  species  do  not  change 
with  this  slight  change  in  sedimentation.  The  lower  and  upper  por- 
tions of  this  zone  were  worked  more  carefully  than  the  middle  portion. 

Faunule, — This  zone,  which  is  several  hundred  feet  thick,  is  very 
poor  in  fossils.  The  faunule  is  one  which  usually  occurs  in  the  fine 
shales  of  the  Hamilton  stage  where  the  conditions  were  not  favorable 
to  a  rich  Hamilton  faunule.  The  make-up  of  the  fauna  is  given 
under  Zone  H.  •  This  same  faunule  is  reported  from  the  Livonia 
section. 

Localities. — Paines  Creek,  south  of  Aurora,  from  Moonshine  Falls 
to  the  lake;  Deans  Creek,  north  of  Aurora,  from  Goulds  Falls  to  the 
lake;  Great  (xully  Creek,  south  of  Union  Spring,  to  the  Marcellus 
shale.     It  is  also  finely  developed  in  the  Seneca  Lake  section. 

D.  FIRST  TEREBRATULA  ZONE  (Basal  limestone  of  Clarke). 

Stratigraphy. — Because  of  its  hardness,  compared  with  the  soft 
shales  above  and  below,  this  zone  forms  a  fall  in  all  of  the  creeks 
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where  it  appears.  Moonshine  Falls,  on  Paines  Creek,  and  the  fall  in 
Deans  Creek,  on  the  farm  of  James  Gould,  are  from  30  to  40  feet  high. 
The  rock  is  a  hard  calcareous  shale,  almost  an  impure  limestone. 
The  fauna  as  well  as  the  lithological  character  separates  this  zone 
sharply  from  the  shales  above  and  below.  It  is  25  feet  thick  in  Paines 
Creek. 

Faunulp. — The  genera  of  this  section  are  not,  by  any  means,  the 
most  common  fossils  in  this  zone;  but  since  they  are  associated  with 
a  peculiar  combination  of  si)ecies,  both  here  and  at  Eighteenmile 
Creek,  the  name  Terebrafida  has  been  used  to  designate  that  combi- 
nation. The  combination  of  species  spoken  of  above  is  CryptoneUa 
planirostris,  C,  rectirostris,  Merisiella  haskinsi^  Eundla  lincklceniy 
Spirifer  diraricatiis,  Vitidina  pustulosa,  and  in  the  Encrinal,  in  addi- 
tion or  by  substitution,  Ceniroiiella  impressa. 

This  is  the  first  and  only  zone  in  which  HdiophyUiim  haUi  appeared 
in  any  numbers.  The  locality  was,  however,  especially  favorable  for 
collecting,  on  account  of  the  great  area  of  the  zone  exposed  by  the 
folding  of  the  strata  and  the  consequent  wearing  away  of  the  soft 
upper  shales  in  several  places  by  the  action  of  the  water.  One  speci- 
men of  H,  conflueufi  was  obtained  from  the  Encrinal  beds  at  Black 
Rock,  on  Paines  Creek,  and  one  specimen  of  H.  halli  from  a  doubt- 
ful locality  in  the  Upper  Hamilton.  With  these  exceptions  no  si)eci- 
mens  of  this  genus  were  found  above  or  below  Zone  D.  Vitidina 
pustulosa  is  common,  and  was  found  in  the  same  abundance  in  the 
Encrinal  beds,  but  not  elsewhere  in  the  section. 

The  shale  of  this  zone  is  extremely  fossiliferous.  The  total  number 
of  species  found  was  84;  of  these,  32  are  Pelecypoda,  33  Brachiopoda, 
4  Gasteropoda,  3  trilobit^s,  3  corals. 

Localities, — Paines  and  Deans  creeks  on  the  east  side  of  Cayuga 
Lake;  Slate  Rock  Run  on  west  side  of  Seneca  Lake.  D.  F.  Lincoln^ 
reports  it  from  Beiitons  Run,  west  side  of  Seneca  Lake;  north  of 
Days  Landing;  Reeders  Creek;  West  Fayette  station;  1  mile  west  of 
West  Bearytown;  1  mile  southeast  of  Bearytown;  Big  Hollow  Creek 
east  of  Romulus.  Clarke  reports  it  from  Canandaigua  Lake  and  Flint 
Creek. 

Note. — This  zone  is  well  exposed  in  Slate  Rock  Run  on  the  west 
side  of  Seneca  Lake.  In  this  locality  it  is  15  feet  thick  and  contains 
a  faunule  very  similar  to  that  of  the  Cayuga  Lake  region.  The  prin- 
cipal difference  noted  was  the  greater  abundance  of  cyathophylloid 
and  Favosite  corals.  The  common  fossils  of  this  zone  in  Slate  Rock 
Run  are: 


Holiophyllum  halli. 

Cyst<iphyhim  ainericanuin. 

Favosites. 

Ch( metes  mncronatus. 


Eunella  linckl4ieni. 
Rhipidomella  vanuxemi. 
Crinoid  stems. 
Stropheodonta  inseqoistriata. 


a  Ann.  Rept.  SUto  Uool.  New  York,  1884. 


Digitized  by 


Google 


CL«LAND.]  CLASSIFICATION    OF   SPECIES.  61 

108.  Orammysia  euireata  Hall. 

Pal.  N.  Y.,  vol.  5,  pt,  1, 1885,  p.  388,  pis.  62  and  93. 

This  species,  like  all  species  of  Orammysia,  is  far  from  common  in 
any  portion  of  the  section. 

104.  Orammysia  aronata  Ck>nrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  873,  pis.  61,  68,  and  98. 

Ten  or  15  feet  below  the  Encrinal  this  species  is  quite  common,  else- 
where it  is  rare.  Three  valves  (one  of  which  measures  fully  80  mm. 
in  length)  from  Zone  Y  answer  the  description  of  O,  svbarcucUa  of  the 
Chemung  fairly  well,  but  were  included  in  O.  arcucUa. 

106.  Orammysia  biauleata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  859,  pis.  56  and  93. 

A  few  specimens  of  this  species  were  found  in  Zone  G.  It  is  reported 
from  the  upper  160  feet  of  the  Upper  Hamilton  at  Livonia. 

G-enus  KLYIMELLA  Hall. 

106.  Slymella  fabalis  Hall. 

Pal.  N.  Y.,  vol,  5,  pt.  1,  1885,  p.  502,  pi.  40. 

Two  valves  from  Zone  Y  are  referred  to  this  species.  The  anterior 
end  is  rather  too  long  for  E*  fabalisy  but  may  be  a  variation. 

107.  SlymeUa  nnenloidet  Hall. 
Pal.  N.  Y.,  vol.  6,  pt.  1,  p.  503,  pi.  40. 
A  few  specimens  of  this  species  were  found  in  Zone  X. 

O^nns  O-LOSSITES  ISIall. 

108.  Oloatitot  ■nbtonuia  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  495,  pi.  40. 

There  is  some  doubt  as  to  the  correctness  of  the  identification  of  the 
specimen  referred  to  this  species. 

O-enuH  TICLLINOFSIS  Hall. 

109.  Tellinoptis  ■nbemarginata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  464.  pi.  76. 

This  species  is  common  in  Zone  X,  the  center  of  Zone  T,  Zone  J, 
Zone  G,  and  the  lower  portion  of  Zone  D.  It  is  never  abundant  and 
seldom  common,  but  is  found  in  almost  all  the  zones  in  this  section. 

At  Eighteenmile  Creek  a  single  specimen  was  found.  It  is  reported 
from  four  zones  in  the  Upper  Hamilton  of  the  Livonia  section. 

Two  large  specimens  were  45  and  30  mm.  longand  27 and  17  mm.  wide. 
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Family  CARDIOLID^  Neumayr. 

110.  Fanenka  lincklani  Miller. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  p.  420,  pi.  69. 

The  specimen  which  was  referred  to  this  species  is  probably  a  new 
species.  It  differs  from  P.  UncTdwni  in  the  broad  concave  plications, 
the  almost  flat  interspaces,  and  the  absence  of  intermediate  radii. 
Both  plications  and  interspaces  are  crossed  by  fine  concentric  lines. 
Found  in  Zone  T. 

111.  Fanenka  potena  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885.  p.  422,  pi.  69. 

A  very  imperfect  specimen  about  60  mm.  in  height  is  doubtfully 
referred  to  this  si>ecies.  It  was  found  associated  with  iMntdicar^ 
diwm  curtwm  and  L.  omata  in  Zone  C. 

112.  Fanenka  gp.  nndet. 

A  small,  well-preserved  cast  of  a  Panenka  from  Zone  X  does  not 
answer  the  description  given  in  the  New  York  Paleontology.  It  is 
about  12  mm.  high  and  of  the  same  length.  The  plications  number 
22  and  reach  the  beak.  Faint  concentric  lines  can  be  seen.  This 
specimen  bears  a  resemblance  to  P.  reticsa,  which  is  reported  from 
Cayuga  Lake.  The  plications  of  P.  retusa^  however,  number  35,  with 
narrow  interspaces,  while  the  size  is  30  mm.  in  length  and  31  mm.  in 
height. 

O-enuB  G-IuYI>TOCARDIA.  Hall. 
118.  Olyptooardia  speoiota  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  426,  pis.  70  and  80. 

This  species  is  found  occasionally  in  Zones  T,  F,  and  E;  elsewhere 
in  the  section  it  is  very  rare  or  wanting.  The  largest  specimen  from 
Zone  F  measured  11  mm.  in  height.  It  is  not  reported  from  Eighteen- 
mile  Creek  or  Livonia. 

Superfamily  NUCULACEA. 
Family  (?)  CTENODONTID  JC  Dall. 

G-enuB  1S"XJCT:TLITES  Conrad.. 

114.  Haeulitos  triqaeter  Conrad. 

Pal.  N.  Y.,  vol.  6,  pt.  1, 1885,  p.  326,  pis.  47  and  93. 

This  species  is  common  throughout  the  section,  except  wnere  tne 
shales  are  calcareous,  as  in  the  Encrinal  bed.  Zone  D  and  Zone  G. 
The  variations  in  form  are  not  progressive.  It  is  not  uncommon  at 
Livonia,  but  was  not  found  above  the  Marcellus  shale  at  Eighteen- 
mile  Creek, 


Digitized  by 


Google 


CMLAKD.]  CLASSIFICATION   OF   SPECIES.  68 

116.  Hnoulitei  oblongatus  Conrad. 
Pal.  N.  Y.,  vol.  6,  pt.  1, 1885,  p.  824,  pi.  47. 

What  has  been  said  regarding  the  distribution  of  N.  triqueter  in 
the  Cayuga  Lake  section  is  true  of  N,  ohlongcdus.  The  conditions 
.  which  were  favorable  to  one  were  favorable  to  the  other. 

At  Eighteenmile  Creek  it  is  rare  in  the  only  zone  in  which  it  occurs. 

Family  NUCULID^  Adams. 

d-enus  NTJCTJIjA.  Xjaxnarolc. 

116.  Hnonla  vftrioota  HaU. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  819,  pis.  46  and  98. 

This  is  a  very  variable  species,  the  extremes  of  which  are  often  dif- 
ficult to  classify.     It  is  one  of  the  rarer  nuculas. 

117.  HnouU  randaUi  HaU. 
Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  815,  pis.  45  and  93. 

A  small  NucvJu  from  Zone  I  was  referred  doubtfully  to  this  species. 

118.  HaouU  lirata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  316,  pis.  45  and  93. 

This  is  a  common  species  in  the  Upper  but  is  not  often  found  in  the 
Lower  Hamilton  in  this  section.  It  is  reported  from  two  zones  in  the 
Upper  Hamilton  at  Livonia.    It  does  not  occur  at  Eighteenmile  Creek. 

119.  HnouU  belliitriata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1.  1885,  p.  818,  pi.  46. 

This  species  is  so  closely  related  to  N,  varicosa  that  in  some  cases 
it  is  difficult  to  distinguish  between  them.  It  is  not  uncommon 
between  Zone  D  and  the  TuUy  limestone,  but  is  never  abundant. 

180.  Hnonla  oorbnliformii  HaU. 
Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  819,  pi.  46. 

This  is  more  common  and  has  a  greater  vertical  distribution  than 
any  other  Nucida  in  the  section.  It  is  found  throughout  the  Marcel- 
lus  and  Hamilton  shales  along  Cayuga  Lake.  Unlike  the  Brachiopoda, 
it  is  present  in  almost  every  zone  except  those  which  are  very  calcare- 
ous, as  the  Encrinal,  and,  although  it  is  never  exceptionally  abun- 
dant in  the  aggregate,  the  number  of  individuals  is  very  great. 
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Family  LEDID^  Adams. 

GS-enuH  LE^IDA.  SoliuxTiaoh.er. 

121.  Leda  rottelUta  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  330,  pi.  47. 

This  species  is  common  in  the  /S/rop7ieodonia-Coralline  zone,  but  is 
rare  elsewhere  in  the  section.  It  was  not  found  in  the  Marcellus 
shales  or  Zone  C.  It  is  not  reported  from  Livonia  or  Eighteenmile 
Creek. 

122.  Leda  breyirostris  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  329,  pL  47. 
Specimens  from  Zone  Y  were  referred  to  this  species. 

O-enus  P.AJL..^ONEILO  Hall. 

128.  Faleonello  constrieta  CJonrad. 

Pal.  N.  Y„  vol.  5,  pt.  1.  1885,  p.  333,  pis.  48  and  51. 

P.  coiistricia  is  a  common  and  sometimes  an  almost  abundant 
species  throughout  ,the  greater  portion  of  the  section  above  Zone  D. 
It  was  also  found  in  the  upper  part  of  Zone  C.  Its  greatest  abundance 
is  in  Zone  T. 

124.  Falseoneilo  emarginata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  338,  pi.  50. 

This  strongly  marked  species  is  common  in  Zone  W,  in  the  lower 
part  of  Zone  T,  and  in  Zone  I;  elsewhere  in  the  section  it  is  very  rare. 

126.  Faleoneilo  plana  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  334,  pi.  48. 

This  species  was  not  found  below  Zone  R.  It  is  quite  common  in 
Zone  W  and  in  the  upper  part  of  Zone  T. 

126.  Falaeonello  maxima  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  335,  pi.  48. 

A  single  specimen  from  Zone  Y  was  referred  to  this  species.  It 
measured  34  mm.  in  length  by  19  mm.  in  height. 

127.  FalsBoneUo  mata  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  337,  pi.  49. 

This  species  was  found  only  in  the  Upper  Hamilton,  and  then  but 
rarely.  Three  specimens  measured  19,  16,  and  10  mm.  in  length  and 
11,  8,  and  5  mm.  in  height,  respectively. 
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188.  FaUMneilo  feeunda  HaU. 

L._KY.,  vol.  5,  pt.  1. 1885,  p.  886,  pi.  49. 

This  id  a  rare  species  in  this  section.     With  the  exception  of  a 

single  specimen  from  Zone  I,  it  is  only  found,  and  rarely,  in  the  Upper 

Hamilton. 

189.  PalaMneUo  tonniitriata  HaU. 

Pal.  N.  Y.,  vol.  5.  pt.  1,  1885,  p.  886,  pis.  49  and  98. 

This  species  is  restricted  to  a  narrow  zone  in  the  Upper  Hamilton  of 
which  Zone  W  is  the  center.  One  specimen,  which  retains  a  portion 
of  the  shell,  shows  radiating  lines  apparently  due  to  the  original 
color  of  the  shell.     Other  specimens  show  faint  radiating  lines. 

Family  PARALLELODONTID^  DaU. 

a-enus  F-AJ^AXjLKLODON  Meek. 
180.  ParaUelodon  hamUtoniv  HaU. 
(Macrodon  hamiltonicB)  Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  349,  pi.  51. 
This  species  is  quite  common  from  Zone  D  to  the  Tully  limestone. 
It  was  found  in  Zones  B  and  C. 

(?)  Q^nus  SFHENOTXJS  Hall. 

181.  BphonotuB  aresformis  HaU. 
Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  395,  pis.  65  and  66. 

A  small  specimen  of  this  species  from  Zone  K  measured  9  mm.  in 
length  and  4  mm.  in  height.  The  normal  size  is  26  to  32  mm.  in 
length  and  12  to  14  mm.  in  height. 

182.  BphenotuB  ouneatnt  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1.  1885,  p.  396,  pi.  65. 

Four  well-marked  specimens  of  this  species  were  found  in  Zone  G. 
The  specimens  measured  19,  15,  16,  and  6  mm.  in  length  and  9,  8,  8, 
and  4  mm.,  respectively,  in  height. 

188.  Bphenotni  tolenoidet  HaU. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  398,  pi.  45. 
This  is  a  rare  species  in  this  section.     It  was  found  in  Zones  D 
and  L. 

Superfaznily  PTERIACEA  Dall. 

Family  PTERINEID/E  Dall. 

G^nus  PTJECUINKA  Golcifuas. 
184.  Ptannea  flabelU  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  93,  pis.  14  and  15. 

This  species  was  not  found  in  the  Upper  Hamilton  and  is  very  rare 
in  the  Lower  Hamilton,  being  common  in  no  zone.     At  Eighteenmile 
Creek  it  is  foun^  commonly  a  few  feet  below  the  Eqcrinal  beds,  but 
is  not  reported  above. 
Bull.  206—03 5 
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Family  LUNULICARDIID^  Fischer. 

O-enus  LTJNTJLICA.Rr)IXJM:  MlUnster. 

186.  Lunulioardinm  fragile  Hall. 

Pal.  N.  Y.,  vol.  5,  pt,  1,  1885,  p.  484,  pi.  71. 

This  species,  with  the  exception  of  Zone  D,  is  not  uncommon 
between  Zones  A  and  G.  Above  Zone  G  it  is  rarely  found.  At 
Eighteenmile  Creek  it  is  reported  from  but  one  zone  above  the  Mar- 
cellus  shale.  At  Livonia  it  is  a  common  fossil  below  the  Encrinal,  and 
is  abundant  in  one  zone  of  the  Upper  Hamilton. 

186.  Lanulioardium  eurtnm  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  487,  pi.  71. 
This  occurs  rarely  in  the  shales  of  Zone  C  and  the  Marcellus. 

187.  LunuUoardiiim  omatnin  Hall. 

Pal  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  487,  pi.  71. 
This  species  was  found  in  the  upper  part  of  Zone  C. 

Family  AMBONYCHIID^  MiUer. 

Oenus  FLETHOIMYTILXJS  Hall. 
188.  FlethomytUui  oviformis  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  255,  pis.  81  and  87. 

This  species  was  found  in  Zones  I,  F,  X,  and  Y.  The  specimens 
measured  62,  32,  and  8  mm.  in  height,  and  50,  26,  and  6  mm.  in  length. 
At  Eighteenmile  Creek  it  is  restricted  to  the  upper  Encrinal  beds. 

G-enus    M:YTII:.-AJRCA    Hall. 
189.  Mytilarea  gribbosa  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  262,  pla.  38  and  87. 

The  specimen  which  was  referred  provisionally  to  this  species  is 
about  midway  between  M.  gibbosa  and  Jf.  simplex  in  form.  It  meas- 
ures 35  mm.  in  height  and  24  mm.  in  length. 

G^nvLB  8I>A.TH:E1L.1L.A  Hall. 
140.  Bpathella  typiea  Hall. 

Pal.  N.  Y.,  vol  5,  pt.  1, 1885,  p.  407,  pi.  66. 

This  specimen  is  28  mm.  in  length  and  14  or  15  mm.  in  height.  It  is 
slightly  crushed  dorso-ventrally .  The  concentric  lined  are  strong,  with 
occasional  finer  concentric  9t?i«B  between, 
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FamUy  CONOCARDIID^  Neumayr. 

O-enus  CONOC^RDIXJM  Mronn. 

141.  Conooardiam  nonnale  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  411,  pi.  68. 

A  single  specimen  of  this  genus  was  found  in  Zone  J.  The  surface 
markings  on  the  posterior  and  the  anterior  expansion  of  the  shell  along 
the  edge  of  the  umbonal  ridge  can  be  made  out. 

Family  PTERIID^  Meek. 

Subgenus  ACTINOPTBRIA  Hall. 

148.  Aetinopteria  boydi  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  118,  pis.  19  and  84. 

This  is  a  rare  fossil  in  this  section.  It  is  found  occasionally  in  the 
limy  shales  of  Zones  Y  and  D. 

148.  Aetinopteria  deemtata  HaU. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  HI,  pis.  17,  18,  20,  and  84. 
A  few  specimens  of  this  species  were  found  in  the  Upper  Hamilton. 

144.  Aetinopteria  ■nbdeomtata  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  110,  pis.  17  and  19. 
A  single  specimen  was  found  in  Zone  T. 

a-enuH  LEIOirrKRIA  Hall. 

145.  Leioptoria  greeni  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  160,  pis.  20  and  88. 

A  single  specimen  of  this  species  was  found  in  Zone  L.  It  measured 
38  mm.  in  height  and  32  mm.  along  the  hinge  line. 

146.  Laioptoria  lavii  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  158,  pis.  17  and  20. 

This  species  is  common  in  the  Upper  Marcellus,  seldom  found  in 
Zone  C,  and  occasionally  in  the  shales  above  Zone  D. 

147.  Leioptoria  raflnMquU  HaU. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  161,  pis.  15,  20. 
Specimens  from  Zones  J  and  D  belong  to  this  species. 

148.  Laioptoria  gabbi  HaU. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  169,  pi.  88. 

One  individual  of  this  species  was  found  in  Zone  C.  One  from  Zone 
T  w«^  referred  to  it  with  some  doubt. 
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149.  LeiopteriaMyiHall. 

Pal.  N.  Y.,  vol.  5,  pt.  1. 1885,  p.  162,  pi.  88. 

This  species  is  rather  common  in  Zone  T,  but  not  elsewhere  in  the 
section.     It  is  associated  with  L.  IcBvis, 

160.  Leiopteria  oonradi  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885.  p.  159,  pis.  20  and  88. 

A  number  of  specimens  from  Zones  D  and  T  were  of  this  species. 
A  number  of  intermediate  forms  were  included. 

161.  Leiopterift  dekayi  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  164,  pis.  19,  20,  88. 

One  specimen  from  Zone  T  was  of  this  species.  It  was  not  perfect, 
but  the  obliqueness  of  the  form,  which  is  very  characteristic  of  L. 
dekuyiy  is  quite  pronounced. 

Family  MYALINID^  Freeh. 

G-enuH  ]VtOI>IKLLA  Hall. 

162.  Modiella  pygmasa  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1.  1885,  p.  514,  pi.  76. 

This  species  is  found  occasionally  in  Zone  C  and  is  one  of  the  com- 
mon fossils  from  Zone  D  to  within  a  foot  of  the  TuUy  limestone.  It 
reaches  its  greatest  abundance  in  Zone  T.  It  has  very  much  the  same 
habit  as  Nueulites  ohUmgatus  and  N,  triqueter.  Although  seldom  com- 
mon, it  is  almost  always  present  except  in  very  limy  sediments. 

Superfamily  TRIGONIACEA  Bronn. 
Family  TRIGONIID^  Lamarck. 

G-enizs  SCHIZODXJS  King, 
168.  Schiiodas  appresias  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  449,  pi.  75. 
This  is  a  rare  species,  but  is  not  confined  to  any  one  zone. 

164.  Schiiodas  oontraetns  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  p.  451,  pi.  75. 

Specimens  of  this  species  were  found  in  the  shales  immediately 
under  the  Tully  limestone  and  in  Zone  D.  Between  these  zones  it  is 
wanting.  One  individual  measured  4  mm.  in  height  and  7  mm.  in 
length. 
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Superfamily  PECTINACEA  Reeve. 
Family  PECTINID^  Lamarck. 

166.  ATieulopeeten  prinoepi  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  1,  pis.  1,  5,  6,  24,  and  81. 

This  species  is  from  the  upper 'and  lower  portions  of  the  Upper 
Hamilton.  It  seemed  to  thrive  best  in  calcareous  sediments.  One 
right  valve  had  markings  similar  to  those  shown  in  pi.  81,  fig.  KJ.  It 
was  found  in  six  zones  at  Eighteenmile  Creek. 

166.  ATieulopeeteii  fMeicalatm  Hall. 

•Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  11,  pis.  5  and  81. 

One  imperfect  specimen  ft*om  Zone  D  was  doubtfully  referred  to 
this  species. 

167.  Avienlopeeten  icabridat  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1886,  p.  7,  pi.  3. 

A  very  much  distorted  specimen  with  the  characteristic  surface 
markings  was  found  in  Zone  G. 

Subgenus  Pterineopecten  Hall. 

168.  Pterineopeeten  andotm  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  72,  pis.  2  and  82. 

This  species  is  restricted  t/O  the  Upper  Hamilton  and  the  upper  50 
feet  of  the  lA)wer  Hamilton.  It  is  nowhere  common,  and  varies  greatly 
in  shape  and  surface  markings. 

169.  Pterineopecten  vertnnmnt  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  188.5,  p.  71,  pis.  5  and  83. 

This  species  is  found  m  three  zones,  only  one  specimen  being  found 
in  each. 

160   Pterineopeeten  intennedini  Hall.. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  68,  pis.  17  and  83. 

This  spetdes  is  slightly  commoner  than  the  preceding  species  of 
Pierineojyecien^  and  is  found  in  a  number  of  zones  from  Zone  D  to  the 
Tully. 

161.  Pterineopeeten  hennei  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  64,  pi.  17. 

This  is  a  well-marked  but  variable  species,  and  when  poorly  pre- 
served often  resembles  P,  iniennediiui. 
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Subgenus  LYRIOPECTEN  Hall. 

162.  Lyriopeeten  orbiealstm  HalL 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  42,  pis.  4  and  82. 

A  specimen  from  Zone  D  was  referred  with  considerable  certainty 
to  this  genns  and  species. 

Superfamily  MYTILACEA  Ferussac. 

Family  MODIOLOPSID^  Fischer. 

o^iiuH  M:or)iOM:oRi>H:A  scaii. 

168.  Modiomorpha  ■nbalsta  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  283,  pla.  85  and  39. 

This  species  is  not  uncommon  in  Zones  J,  F,  and  the  upper  part  of  C. 
Four  specimens  measured,  respectively,  19,  21,  24,  and  32  mm.  in  length 
and  11,  12,  15,  and  18  mn.  in  height.  It  is  a  common  species  in  the 
Lower  Hamilton  at  Eighteenmile  Creek. 

164.  Kodiomorplia  eonoentrica  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  275,  pis.  34,  35, 36. 

This  is  the  commonest  Modiomorpha  at  Cayuga  Lake.  It  is  dis- 
tributed from  Zone  D  to  the  uttermost  zone  in  the  Hamilton.  It  is 
common  in  Zones  H,  O,  T,  and  X.  At  Eighteenmile  Creek  it  is  com- 
mon in  the  Encrinal  and  is  found  occasionally  in  the  Lower,  but  does 
not  occur  in  the  Upper  Hamilton. 

165.  Kodiomorpha  mytiloidei  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  p.  277,  pis.  37  and  38. 

This  species  is  far  from  being  common,  but  is  found  occasionally  in 
Zone  D  and  above.  It  is  common  in  three  zones  above  the  Encrinal 
at  Livonia,  but  it  is  not  reported  from  Eighteenmile  Creek. 

166.  Kodiomorpha  alta  Conrad. 

Pal.  N.  Y.,  vol.  5.  pt.  1,  1885,  p.  278,  pis.  37,  80. 

Two  small  specimens  from  Zone  X  were  referred  to  this  species. 
A  number  of  specimens  which  seem  to  be  of  a  new  species  have  been 
placed  in  this  species.  The  measurements  of  these  were  25,  18,  15, 
10,  and  4  mm.  in  length  and  16,  11,  11,  7,  and  5  mm.  in  height. 

G^enus  GJ-0N"I0P»H:0RA.  Phillips. 
167.  Goniophora  hamiltononsia  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  296,  pi.  43. 

This  species  is  found  rarely  in  eight  zones,  commencing  with  the 
first  Terebratida  zone  (D),  to  the  Tully  limestone. 
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168.  Ckmiophorm  tnincmta  HalL 
Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  298,  pis.  42  and  44. 

This  well-marked  species  was  found  in  Zones  S  and  Y.  Only  one 
specimen  was  found  in  each  zone  and  both  were  badly  crushed. 

169.  Goniophors  mgoM  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  297,  pis.  42  and  48. 

A  few  specimens  of  this  sx>ecies  were  found  between  Zone  D  and 
the  Tully  limestone.  Two  specimens  measured  40  and  45  mm.  in 
length  and  26  and  28  mm.  in  height,  respectively. 

170.  Ooniophors  gUneiit  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  299,  pis.  48  and  44. 

A  single  badly  crushed  specimen  from  Zone  Y  was  referred  to  this 
species  with  doubt. 

Order  ANOMALODESMACEA  Dall. 

Superfamily  ANATINACEA  Dall. 

Family  PHOLADELLID^  MUler. 

G-enuH  I>HOi:. ADELLA.  Slall. 

171.  Phol«d0Um  radiaU  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  469,  pis.  78  and  96. 

This  species  was  not  found  in  the  Marcellus  shales  nor  in  Zone  C, 
but  is  scattered  throughout  the  remainder  of  the  section.  It  occurs 
frequently  in  the  upper  shales  of  the  Lower  Hamilton  and  is  almost 
abundant  in  iZone  O. 

Three  specimens  measured  25,  7  and  5  mm.  in  length  and  13,  4, 
and  2  mm.  in  height,  respectively. 

172.  PholadolU  paralleU  HalL 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  470,  pi.  78. 

This  well-marked  species  was  found  in  Zone  T.  It  is  rare  in  this 
zone  and  was  not  obtained  elsewhere  in  the  section. 

G^nnt*  CIMITA-RIA  IXall. 

178.  CimitarU  eormgata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  465,  pL  77. 

This  species  was  found  in  Zones  Y  and  H,  but  was  not  seen  else- 
where in  the  8e<5tion. 
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174.  CimitarU  elongata  Conrad.^ 

Pal.  NT.  Y.,  vol.  5,  pt.  1,  1885,  p.  466,  pi.  77. 

Two  specimens  of  this  species  were  obtained  from  the  Encrinal 
band  at  King  Ferry. 

Order  TELEODESMACEA  Dall. 

Superfamily  CYPRICARDIACEA  Dall. 

Family  PLEUROPHORID^  Dall. 

G^enus  CYP»RICA.RX)KIL.IL.A  Slall. 
175.  CyprioardoUa  belliitriata  Conrad. 

(Microdon  bellistriatus)  Pal.  N.  Y.,  vol.  5,  pt.  1,  1886,  p.  808,  pis.  42, 78,  74. 

This  species  Is  common  in  the  upper  part  of  the  Upper  Hamilton 
and  in  the  upper  portion  of  the  Lower  Hamilton;  in  the  latter  it  is 
almost  abundant.  Aside  from  these  two  zones  the  species  is  quite 
rare  in  this  section. 

At  Eighteenmile  Creek  it  was  not  found  above  the  Encrinal  and, 
with  the  exception  of  one  zone  at  the  base  of  the  Hamilton,  is  very 
rare  throughout  the  section.  One  very  large  specimen  from  the 
Encrinal  bed  on  Paines  Creek  measured  60  mm.  in  length  and  38 
mm.  in  height. 

OenuB  CYr»RICARr)IN-IA  Hall. 
176.  Cyprieardinia  indonta  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  4a5,  pis.  79  and  96. 

This  species  is  common  in  two  zones,  in  Zone  X  and  the  middle 
third  of  Zone  D. 

Specimens  measured  14,  9,  and  7  mm.  in  length  and  8,  5,  and  4  mm. 
in  height,  respectively.  It  is  a  Lower  Hamilton  fossil  at  Eighteen- 
mile  Creek. 

Superfamily  LUCINACEA  Anton. 
Family  LUCINID^  Fleming. 

G-ertMH  FARA.CYCLAS  Slall. 
177.  ParacyolaB  tenaia  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  443.  pis.  72  and  95. 

This  species  is  rather  common  in  three  zones  of  the  Upper  and  in 
one  zone  of  the  upper  part  of  the  Lower  Hamilton.  It  varies  greatly 
in  size  and  in  the  strength  of  its  concentric  striae,  but  is  readily  dis- 
tinguished from  the  other  species  of  this  genus.  It  is  not  reported 
from  Eighteenmile  Creek  or  Livonia. 
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178.  ParaeydaB  lirata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  441,  pis.  72  and  95. 

Only  two  small  valves  of  this  species  were  found.  They  measured 
about  7i  mm.  in  height  by  8  mm.  in  length. 

Class  GASTEROPODA. 

The  Gasteropoda  were  not  found  to  be  of  much  value  in  this  faunal 
study.  They  are  never  common,  but  are  found  occasionally  in  almost 
all  of  the  zones. 

Subclass  STREPTONEURA  Spengel. 

Order  ASPIDOBRANCHIA  Schweigger. 

Stilx>rcler  RHIPIDOOLOSSA  Xrosctiel. 
Family  PLEUROTOMARIID^  d'Orbigny. 

Oenu»  I>IL,KTJR0T0M:ARIA.  de  France. 
179.  Plonrotomaria  itjn  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  76,  pi.  20. 

As  with  the  other  species  of  the  genus,  P.  itys  is  not  common  in 
nor  charactistic  of  any  zone.  It  occurs  throughout  the  section.  At 
Eight^enmile  Creek  it  is  found  only  at  the  base  of  the  Hamilton. 

180.  Plourotomaria  capillaria  Conrad. 

Pal.  N.  Y..  vol.  5,  pt.  2,  1879,  p.  77,  pi.  20. 

It  is  often  difficult  to  distinguish  the  extremes  of  this  species  from 
the  above  unless  the  specimens  are  well  preserved.  Quit^  generally 
distributed  throughout  the  section.  Confined  to  the  base  of  the 
Hamilton  at  Eighteenmile  Creek. 

181.  PUnrotomaria  triliz  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  79,  pi.  21. 
Found  rarely  in  the  Upper  Hamilton  at  Cayuga  I^ake. 

182.  Plourotomaria  luleomarginata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  69,  pi.  19. 

Two  specimens  of  this  species  were  obtained  from  the  upper  part 
of  the  Upper  Hamilton,  Zones  W  and  T. 

188.  Plenrotomaria  rotalia  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2.  1879,  p.  71,  pi.  19. 
Two  specimens  from  Zone  T  were  of  this  species. 
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184.  Plenrotomarim  mgnlata  HalL 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  75,  pi.  30. 

This  species  is  met  with  occasionally  in  Zone  C,  in  the  Marcellus 
shales,  and  in  Zone  D.  The  specimens  are  all  very  mnch  crushed  or 
in  the  form  of  molds,  and  the  surface  markings  are  indistinct. 

Family  BELLEROPHONTID^  McCoy. 

Oenixs  BKIj1L.E:ROI»IION"  de  M:ontfort. 

185.  BeUorophon  patulot  EUdl. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  100,  pla.  22  and  24. 

This  species  is  not  uncommon  in  Zones  X  and  N;  elsewhere  it  is 
rare.  It  was  not  found  below  Zone  C.  The  specimens  obtained  were 
of  the  usual  size,  but  badly  crushed. 

186.  BeUerophon  loda  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  110,  pi.  28. 

This  is  the  most  common  BeUerophon  in  the  section.  It  is  almost 
common  in  some  of  the  thin  layers  of  Zone  C.  It  is  common  in  the 
lower  portion  of  the  Lower  Hamilton  at  Eighteenmile  Creek. 

187.  BeUorophon  lyra. 
Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  113,  pL  28. 
Only  a  few  specimens  of  this  species  were  found  in  the  section. 

188.  BeUerophon  erexiiitria  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  116,  pi.  25. 

A  few  specimens  of  this  8i)ecies  were  obtained  in  six  zones  of  the 
Upper  and  Lower  Hamilton. 

O-enus  CYRTOLITES  Conrad. 

189.  CyrtoUtat  mitelU  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  128,  pi.  25. 

Only  a  few  specimens  of  this  species  were  obtained.  None  were 
found  lower  than  Zone  D. 

Family  EUOMPHALID^  de  Koninck. 

(iS-enus  KTJOM:I>H:AJLiTTS  Sowertoy. 

190.  Enomphalat  sp. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  54. 

A  single  crushed  specimen  from  Zone  O  was  referred  to  this  genus. 
The  specific  characters  could  not  be  made  out. 
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Order  CTENOBRANCHIATA  Schweigger. 

Suborder  PLAXYF^ODA. 

Superfamily  T^NIOGLOSSA  Bouvier. 

Family  CAPULID^  Cuvier. 

O^nus  I*IjA.TYCERA.S  Conrad. 

191.  PUtyeorat  oonienm  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  8,  pi.  1. 
A  single  large  specimen  was  found  in  the  Encrinal  beds. 

192.  PU^foerat  0r«etiim  Hall 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  5,  pi.  2. 
This  gastropod  was  found  most  commonly  in  the  upper  portion  of 
the  Encrinal  and  in  the  limestone  of  Zone  Y.     Elsewhere  it  is  rare. 

198.  PUtyMrat  bnoenlontiim  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  10,  pi.  8. 
Typical  specimens  of  this  species  were  found  in  Zones  Y  and  S. 

194.  PUtyMras  eazlnatiim  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  5,  pi.  2. 
Specimens  having  the  characteristic  shape  of  this  species  were 
found  in  Zones  W  and  Y. 

GreniiH  I^IjA-TYOSTOM-A.  Conrad. 
195.  Platyottoma.  lineata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  21,  pi.  10. 
This  species  was  found  in  a  number  of  zones,  but  was  not  common 
in  any.     It  possesses,  in  all  cases,  the  characteristic  surface  markings. 

196.  Platyottoma  variana  Hall. 

(Strophostylus)  Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  81,  pi.  11. 
A  large  specimen  from  Zone  J  and  eight  smaller  ones  from  Zone  C 
were  referred  to  this  species  with  some  doubt.     The  larger  specimen 
is  typical;  the  smaller  ones  are  small,  and  may  be  of  a  new  species. 

Superfamily  GYMNOGLOSSA. 
Family  PYRAMIDELLID JE  Gray. 

GS^nuH  LOXONKMIA  Phillips. 
197.  tozonoma  hamUtonia  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  45,  pi.  13. 
This  species  occurs  throughout  the  entire  section.     It  is  often  diffi- 
cult to  distinguish  it  from  L,  (lelphicola  when  the  specimens  are 
imperfect.     At   Eighteenmile  Creek  this  species  and  L.  delphicola 
are  restricted  to  the  l^pper  Maroellus  shales. 
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19S«  tiOZOii«ma  dolphieola  Hall. 

Pal.  N.  Y.,  vol.  5.  pt.  2, 187d,  p.  47,  pis.  13  and  14 
This  species  is  frequently  met  with  in  the  section  above  Zone  D. 
It  is  commoner   than  L,  hamUtonicB.     Very  often  the  shell  is  sur- 
rounded by  a  "smooth,  polished  shale  (slickensides),"  as  is  fi^rured 
by  Hall  in  figs.  24  and  25  of  the  above  report. 

Superfamily  PTENOGLOSSA  Gray. 

Family  SCALARIID^  Broderip. 

O-enuH   Cuf\JL.LON"KM:A  Hall. 
199.  Callonoma  imiUtor  Hall  and  Whitfield. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  53,  pi.  14. 
One  specimen,  50  mm.  in  diameter,  with  the  surface  marked  by 
strong  elevated  striae  gently  curving  backward  and  increasing  in 
strength  from  the  apex  to  the  last  volution,  was  found  in  Zone  N. 
The  coil  is  rather  loose. 

Order  OPISTHOBRANCHIA  Milne-Edwards. 

SulDoraer  F^XEROF^ODA  Cuvier. 

Family  CAVOLIINDJi:  Fischer. 
Subgenus  STYLIOLA  Lesueur. 
200.  Styliola  fiiiurella  Hall. 
Pal.  N,  Y.,  vol.  5,  pt.  2,  1879,  p.  178,  pi.  31  A. 
It  will  be  noticed  in  the  table  of  species  that  8.  fissureUa  is  very 
rare,  almost  wanting,  in  the  Upper  Hamilton;  that  between  Zone  D 
and  the  Encrinal,  with  the  exception  of  the  fine  shales  of  Zone  E,  it  is 
also  very  rare,  and  that  in  the  fine  shales  of  Zone  C  and  in  the  Mar- 
cellus  shales  it  is  very  common.     In  the  lower  portion  of  the  Marcellus 
shales  the  Styliola  is  beautifully  preserved  in   pyrite.     It  is   very 
abundant  in  certain  layers  in  the  Marcellus  shales.     At  Eighteenmile 
Creek  it  is  very  common  in  a  number  of  zones  of  the  Lower  and  is 
fairly  common  in  the  uppermost  zone  of  the  Upper  Hamilton. 

SulDorcler  CONLJIvARIDA  Nliller  and  Giirley. 
Family  TENTACULITII)^]  Walcott. 

OenuB  TENTA.CXJI^ITKS  SeHlotKeim. 
201.  TontacuUtei  bellulm  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  169,  pis.  31  and  31  A. 
A  specimen  of  this  species  was  obtained  from  Zone  X.     In  Zone  A 
there  are  great  numbers  of  Teiitacidites,  but  in  such  a  poor  state  of 
preservation  that  it  is  impossible  to  make  a  specific  identification. 
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Family  TORELLELLID^  Holm. 

O-eniis  COLEOLXJS  SCall. 

202.  Coleolui  tenuicinetum  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  185,  pis.  32  and  82A. 

A  number  of  very  good  specimens  of  this  species  were  found  in 
various  parts  of  the  section. 

Family  HYOLITHID^  Nicholson. 

G-enuH    HYOLrrHES   KieHwald. 

208.  HyoUth0i  aoliB  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  197,  pis.  32  and  32A. 

Although  this  is  a  rare  species  at  Cayuga  Lake,  in  the  aggregate 
the  number  found  is  quite  large.  The  variations  consist  in  the  rela- 
tive difference  in  length,  width,  and  thickness.  The  measurements 
are  30,  30,  25  mm.  in  length  and  9,  11,  and  12  mm.  in  width.  Two 
well-preserved  opercuUe  were  found. 

204.  HyoUth«i  itriatni  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  199,  pi.  32. 
A  specimen  with  well-marked  longitudinal  lines  was  found  in  Zone  T. 

O-enuB    CONXILARIA   Miiller. 

206.  ConnlmrU  andalata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  208,  pis.  33  and  34A. 

A  fragment  of  a  large  specimen  of  this  species  with  very  strong 
surface  markings  was  found  in  Zone  D.  A  fragment  of  a  smaller 
individual  was  taken  from  Zone  I. 

Class  CEPHALOPODA. 
Subclass  TETRABRANCHIATA  Owen. 
Order  NAUTILOIDEA. 

SiilDoraer  ORXHOCHOANIXES  Hyatt. 
Family  ORTIIOCERATID  Ji:. 

GS-eiiUH    OJRTKOCKKAS    HreyniuH 

806.  Orthooerat  orotalnm  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  296,  pis.  42,  82,  and  93. 

This  fossil  is  fonnd  occasionally  throughout  the  section  above  Zone 
D.  The  test  is  often  denuded,  making  the  identification  in  some 
cases  uncertain. 
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807.  Orthooeras  o«U]ii«n  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  398,  pis.  42,  48,  82, 118. 

A  few  specimens  with   the  characteristic  surface  marking  -were 
obtained  from  the  Upper  Hamilton  shales. 

808.  Orthooeras  iiimtiiim  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  299,  pis.  48  and  82. 

This  is  a  rare  fossil  in  this  section.  Two  specimens  were  found  in 
the  Upper  Hamilton. 

809.  Orfhooerat  lubiilatiim  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  283,  pis.  38,  84,  86. 

This  species  of  Orthoceras  is  not  uncommon  along  Cayuga  Lake. 
A  large  number  of  distorted  specimens  of  this  genus  were  referred 
here  with  some  doubt.     One  specimen  showed  the  surface  markings. 

810.  Orfhooerat  eonstriotiim  Vanuxem. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  288,  pis.  84,  85. 

This  is  a  rather  rare  species  in  this  section,  and  is  not  reported  west  • 

of  Cayuga  Lake. 

211.  OrfhoooraB  exile  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  290,  pis.  89,  84,  85. 

A  few  specimens  were  doubtfully  placed  in  this  species. 

818.  Orthooeras  maroellense  Vaniixein. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  278,  pis.  88,  88,  and  118. 

A  specimen  from  the  Marcellus  seems  to  be  of  this  species. 

818.  Orthooeras,  sp.  tmdet. 

This  genus,  as  a  whole,  is  common  between  Zones  B  and  F,  inclu- 
sive, and  in  Zone  T.     Elsewhere  in  the  section  this  genus  was  rare. 

Family  NAUTILID^. 

Grenus  NA.TJTILXJS  BroyTi. 

814.  HautUm  liratna  juyenia  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  411,  pi.  56. 

James  Hall  describes  this  variety  of  N.  liratus  from  an  imperfect 
specimen  and  states  that  the  determination  is  quite  unsatisfactory. 
Two  fairly  well-preserved  specimens  from  the  hard  shales  of  the  upper 
Marcellus  are  certainly  distinct  from  N,  liratus  and  answer  to  the 
description  of  N.  liratus  juvenis.  The  difference  between  these  speci- 
mens and  N,  liratus,  however,  seems  to  be  specific  rather  than  varietal. 

815.  HautUot,  fragments. 

A  number  of  fragments  of  Nautilus  found  in  various  parts  of  the 
section  were  too  imperfect  for  specific  identification. 
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Stjilx>rcier  CYRXOCHOANIXES  Hyatt- 
Family  PHRAGMOCERATIDiE. 

G-enuH  C-OMraOCKRAS  Howerby. 

216.  Gomphooerat,  sp. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  318. 

A  single  crashed  specimen  of  this  genus  was  found  in  Zone  C.  The 
markings  were  obliterated  to  such  an  extent  that  it  was  impossible  to 
make  a  specific  identification. 

Order  AMMONOIDEA. 

StilDorder  EURYCAMPYLI  Hyatt- 
Family  GLYPHIOCERATIDiE. 

O^nus  G-ONIA.TITKS  de  Haan. 

217.  GonimtitM  diicoid«iii  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  441,  pla.  71,  74. 

Casts  of  the  test  showing  the  fine,  closely  arranged  strisB,  ''raised  at 
intervals  in  fascicles,"  were  commoner  than  those  showing  the  septa. 
This  species  was  fairly  common  in  Zone  T.  In  Zone  I  a  number  of 
imperfect  specimens  which  were  either  of  this  species  or  of  O,  uni- 
angvlaris  were  quite  frequently  found.  Elsewhere  in  the  section 
they  ai^  very  rare. 

218.  GonimtitM  nniangiilarit  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  444,  pis.  71, 74. 

This  species  was  very  rare,  but  several  well-preserved  specimens 
were  found.  One  almost  perfect  small  specimen  from  the  lower 
shales  of  Zone  C  measured  15  mm.  in  diameter  in  the  widest  part.  A 
large  si>ecimen  measured  45  mm.  in  diameter. 

Siabkingdom  ^RTHROPODj^. 

Class  CRUSTACEA. 

Subclass  TRILOBITA. 

Order  OPISTHOPARIA  Beecher. 

Family  PROETID^  Barrande. 

O-enus  I^ROKTXJS  Steininser. 

219.  PrOetm  rowi  Green. 

Pal.  N.  Y.,  vol.  7,  1888,  p.  119,  pis.  21  and  23. 

A  portion  of  the  cephalon  with  a  crushed  glabella  and  a  perfect 
gen^l  spin^  was  refeiTcd,  with  some  doubt,  to  this  species. 
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220.  PrOetm  miorogomma  Hall. 
Pal.  N.  Y.,  vol.  7,  1888,  p:  109,  pi.  22. 

An  imperfect  pygidiuin  was  referred  with  considerable  certainty  to 

this  species. 

221.  PrOetm  maerooephalui  EUdl. 

Pal.  N.  Y.,  vol.  7, 1888,  p.  116,  pis.  21  and  23. 

A  pygidiuin  and  thorax  were  found  in  Zone  Y  and  a  glabella  in  the 
Encrinal  bed.     The  surface  markings  are  quite  plain. 

222.  Homalonotm  dokayi  Green. 

Pal.  N.  Y.,  vol.  7,  1888,  p.  7,  pis.  2,3,4,5. 

This  is  quite  a  common  fossil  in  the  upper  portion  of  the  Encrinal 
band.  A  fragment  of  a  pygidium  was  found  in  Zone  Y  and  a  portion 
of  a  cephalon  in  Zone  D.  At  Eighteenmile  Creek  it  is  reported  from 
the  lower  portion  of  the  Lower  Hamilton.  In  Kashong  Creek  it  occurs 
rarely  in  the  Upper  Hamilton. 

Order  PROPARIA  Beecher. 
Family  PHACOPID^E  Salter. 

O-eiiiis  FK-A^COI^S  Kixiixirioli. 
228.  Phaoopi  rsna  Green. 
Pal.  N.  Y.,  vol.  7, 1888,  p.  19,  pis.  7,  8,  8A. 

This  is  a  common  and  sometimes  an  abundant  species  in  this  sec- 
tion. Above  the  Encrinal  it  occurs  in  almost  every  zone.  Occasion- 
ally a  complete  specimen  was  found.  It  is  usually  associated  with 
D.  boothi  and  A,  umhonata, 

224.  Phaoopi  oriitata  var.  pipa  Hall. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  18,  pi.  8. 
A  specimen  of  this  variety  was  found  in  Zone  A. 

O-enuB   DA.LMANITES  Eirnrxrioh. 
225.  Dalmanitei  boothi  Green. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  42,  pis.  16,  16A. 
This  species  was  found  in  the  lowest  portion  of  Zone  C.     It  is  com- 
mon throughout  the  section  from  Zone  D  to  the  Tully,  especially  above 
the  Encrinal. 

At  Eighteenmile  Creek  it  is  commonest  below  the  Encrinal,  while 
at  Cayuga  Lake  the  opposite  is  true. 

226.  Dalmanitei  boothi  var.  calUtelei  Green. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  45,  pis.  16,  16A, 
A  few  specimens  of  this  variety  wei*^  fQUn4  iu  the  upper  portion  of 
the  Upper  Hamilton. 
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Subclass  EXJCRUSTACEA  Kingsley. 

Superorder  MALACOSTRACA  Latreille. 

Order  PHYLLOCARIDA  Packard. 

StJilDorcier  Ceratiocarina  Clarke. 
Family  ECHINO0ARIDJ5  Clarke. 

a^niiH  KCBCINOCARIS  Whiiflelcl. 
227.  Bohinooarit  punctata  Hall. 
Pal.  N.  Y..  vol.  7.  1888,  p.  166,  pla.  27,  28,  29. 

Five  specimens  of  this  species  were  found  iu  the  Cayuga  Lake  sec- 
tion, one  in  the  Upper  and  four  in  the  Lower  Hamilton  above  Zone  D. 

GS-eniis  •^PROPIDOCA.RIS  BeeoHer. 
228.  Tropidooarit  hamUtoniv  Hall. 
Pal.  N.  Y.,  vol.  7, 1888,  pi.  80. 
A  right  valve  of  this  species  was  found  in  Zone  O.     It  measured 
10  mm.  in  length. 

Stit>orcler  RHINOCARINA  Clarke. 

Family  RIIINOCARDID^  Clarke. 

G^nuH  RH:IN0CA.RIS  Clarice. 

229.  BhincMMurit  sp. 

Pal.  N.  Y.,  vol.  7,  1888,  p.  Iviii,  pi.  81. 

Two  specimens  of  this  genus,  one  with  both  valves,  the  other  with 
one  valve  of  the  carapace  were  found  in  the  shale  of  Zone  C  along 
Dean  Creek.  The  preservation  was  too  imperfect  to  permit  of  specific 
identification. 

a-enuB  MKSOTHYRA  Httll  hikI  Cl»rke. 

280.  KeMthTra  ooeani  Hall. 

Pal.  N.  Y.,  vol.  7.  1888,  p.  187,  pla.  83  and  34. 

Two  specimens  of  this  genus  were  referreil  doubtfully  to  this  spe- 
cies. Neither  specimen  is  perfect  enough  to  warrant  a  specific 
identification.  The  length  of  the  carapace  is  20  mm.  and  45  mm., 
respectively. 

231.  Superorder  OSTRACODA  Latreille. 

The  various  species  and  genera  of  this  superorder  seem  to  have 
been  adapted  to  the  same  conditions  of  environment  during  the  Ham- 
ilton stage.     They  are  common  in  the  fine  shale  of  Zones  B,  C,  and  E. 

Bull.  206—03 6 
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a-eiius  IL,KI>ir>Or)KNX)RON-  Sternberg. 
282.  Lepidod«ndro&  gaspianum  Dawson. 
Qnar.  Jour.  G^eol.  Soc.,  1859,  vol.  15,  p.  484. 
A  specimen  of  this  plant  with  distinct  imprints  of  the  leaves  was 
found  in  Zone  C. 
Thanks  is  due  Professor  Penhallow  for  the  identification. 

288.  Plant  fragmonts. 

Plants,  usually  in  a  i)oor  state  of  preservation,  were  scattered 
throughout  the  section.  Within  a  foot  or  two  of  the  Tully  limestone 
plant  fragments  were  especially  well  preserved  and  abundant. 

a-enus  TA.OT^TJRTJS. 
284.  Taonnmi  sp.?  Fischer-Ooster. 

This  fucoid  was  very  abundant  in  the  upper  portions  of  the  Upper 
and  Lower  Hamilton. 
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CHAPTER. V. 

COMPARISON  OF  THE  CAYUGA  LAKE  SECTION  WITH  OTHER 
SECTIONS  OF  THE  HAMILTON  FORMATION. 

BASAL  LIMESTONE. 

The  Basal  limestones  of  Ontario  County  are  described  by  J.  M. 
Clarke,  as.  follows  :<* 

Within  10  feet  of  the  top  of  the  Marcelliis  shales,  where  the  rocks  still  retain 
their  characteristic  color  and  diagnostic  fossils,  apx)ear  Spirifer  mucronatus  and 
AmbocoRlia  umbonata  of  the  Hamilton  fanna,  snch  Hamilton  species  increasing 
in  number  and  the  rocks  becoming  less  and  less  bitmninons  nntil  at  the  top  of  10 
feet  the  bitmninons  character  has  disappeared  and  with  it  the  Marcellns  fanna. 
Overlying  is  a  series  of  strata  of  limestone  more  or  less  impnre  and  persisting 
thronghont  the  connty  east  and  west. 

Farther  east  tlie  same,  strata  become  more  shaly  and  lose  many  of 
the  fossils  of  the  richer  western  outcrop.  Dr.  D.  F.  Lincoln  *  accepted 
the  term  '^  Basal  Hamilton,"  proposed  by  J.  M.  Clarke,  and  the 
description  of  Hall  in  the  report  of  the  Fourth  District*^ — "a  compact 
calcareous  blue  shale  passing  into  an  impure  limestone."  He  says 
that  it  retains  this  character  (of  a  coral  reef)  to  some  extent  in  Seneca 
County,  displaying  scattered  fragments  of  HeUophyUurriy  FavositeSy 
and  other  large  corals  which  do  not  belong  elsewhere  in  the  region. 

From  the  description  given  above  and  from  its  position  in  the  section 
(see  map  PI.  I)  it  seems  certain  that  the  compact  calcareous  shales 
of  Zone  D  should  Ih3  correlated  with  the  Basal  Hamilton  of  Ontario 
and  Seneca  counties.''  There  is,  however,  considerable  difference  in 
the  faunules.  Although  the  corals  are  very  much  rarer  in  Zone  I)  at 
Cayuga  Lake  compared  with  that  stratum  in  the  west,  yet  Heliophyl- 
lum  is  common  only  in  this  stratum  in  the  Cayuga  Lake  section.  This 
zone  is  characterized  in  Ontario  County  by  a  great  abundance  of 
Crustacea.  The  development  of  Crustacea  in  Zone  D  is  by  no  means 
remarkable,  only  three  species  of  trilobites  being  found,  none  of 
which  were  abundant. 


aReport  State  Qeol.,  New  York,  1886. 
6  Ibid.,  1894. 
elB43. 

dBlm-e  the  above  was  written  the  author  revisited  the  localities  on  Seneca  Lake.    There  is  no 
doubt  as  to  the  correctness  of  the  correUtion. 
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A  comparison  of  the  Basal  Hamilton  of  Ontario  County,  Seneca 
County,  and  Zone  D  of  Cayuga  Lake  shows  a  decrease  in  the  amount 
of  calcareous  matter  and  in  corals  from  west  to  east.  It  is  probable 
that  the  region  along  Cayuga  Lake  was  the  edge  of  the  reef,  if  such 
it  can  be  called,  and  that  the  conditions  were  such  that  most  of  the 
si)ecies  of  corals  and  Crustacea  which  flourished  so  well  in  the  west 
were  represented  in  the  Cayuga  Lake  region  by  an  abundant  brachi- 
pod  and  x)elecyopod  fauna,  with  here  and  there  a  large  HdiophyUuTn 
haUi  and  A  colony  of  Syringopora, 

This  impure  limestone  layer,  the  Basal  Hamilton,  is,  next  to  the 
Encrinal  beds,  the  most  i)ersistent  stratum  in  the  New  York  Hamilton, 
extending  as  it  does  for  more  than  40  miles  from  east  to  west. 

I.  P.  Bishop,  in  the  Gteology  of  Erie  County,  mentions^  a  calcareous 
stratum  in  that  county  which  he  correlated  provisionally  with  the 
Basal  limestone  of  Clarke.  The  evidence  for' this  correlation  is  so 
unsatisfactory  that  it  must  be  disregarded. 

ENCRINAL  BEDS. 

In  comparing  the  faunules  of  the  Encrinal  beds  with  that  of 
Eighteenmile  Creek,  it  was  found  that  of  8  lamellibrauchs  of  the 
Eighteenmile  Creek  Encrinal  4  are  found  in  the  Encrinal  of  the 
Cayuga  Lake  section,  2  are  extremely  rare,  and  2  have  been  found 
nowhere  in  this  section.  Of  the  35  brachiopods,  13  were  not  found  in 
the  Encrinal  of  Cayuga  Lake.  But  of  that  number  4  have  not  been 
found  elsewhere  in  the  section  and  4  are  extremely  rare.  VUulina 
piistulosa,  CentroneUa  impressa,  Meristella  haskinsi,  and  HdiophyUum 
confluens  are  restricted  to  the  Encrinal  at  Eighteenmile  Creek.  With 
the  exception  of  V,  puskdosa  and  M,  haskinsiy  which  was  found  in 
the  Encrinal  and  Zone  D,  these  species  are  restricted  to  the  Encrinal 
at  Cayuga  Lake.  Grabau  ^  finds  the  Encrinal  at  Eighteenmile  Creek 
to  be  the  equivalent  of  that  at  Livonia.  The  comparison  of  the  fos- 
sils from  that  stratum  in  the  two  places  brings  out  the  fact  that  only 
one  species  given  in  the  Livonia  list  is  wanting  in  the  limestone  at 
Eighteenmile  Creek.  James  Hall*^  considered  the  Encrinal  as  a  "  per- 
sistent mass  holding  only  one  position  in  the  group  and  continuous 
as  far  as  Lake  Erie.  It  is  a  convenient  point  of  reference."  It  is  H 
feet  thick  at  Lake  Erie,  2  feet  at  Livonia,  3  feet  in  Yates  County,  and 
li  feet  in  Cayuga  County. 

Prof.  C.  S.  I^rosser,**  in  discussing  Professor  White's  correlation  of 
a  zone  in  eastern  Pennsylvania  which  is  as  rich  in  corals  and  crinoids 
as  the  Tully,  shows  by  the  fossil  content  that  the  Grenesee  shales  of 
White  are  Hamilton  shales.     The  so-called  Tully  does  not  contain  any 

a  Report  State  Geol.  New  York,  1«96. 
t>  Report  Stote  Geol.  New  York,  1898. 
<-  Report  Fourth  District  New  York,  1848. 
rfBuU.  U.  8.  Geol.  Survey  No.  120. 1894,  p.  74. 
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characteristic  Tully  fossils,  but  contains  only  Hamilton  species.     He 
says: 

If  a  correlatioii  of  this  zone  with  one  of  central  and  western  New  York  were 
attempted,  I  would  suggest  the  Encrinal  limestone  separating  the  fossiliferous 
argillaceous  LndlowviUe  and  Moscow  shales.  As  the  Pennsylvania  horizon  may 
be  represented  by  any  one  of  the  several  coral  horizons  in  the  Hamilton  of  New 
York  or  by  an  entirely  different  one,  such  a  correlation  of  this  zone  is  very  haz- 
ardous without  careful  comparison  of  the  si)ecies  and  stratigraphy. 

On  the  east  shore  of  Skaneateles  Lake,  2i  miles  from  the  bead  of  the 
lake,  is  a  bed  of  cyathophylloid  and  other  genera  of  corals  5  feet  thick, 
which  are  described  by  Luther. «  Luther  concludes,  from  its  position 
and  from  the  fact  that  it  **  abounds  in  cyathophylloid  corals  which 
characterize  the  Encrinal  of  the  western  counties,"  that  it  is  probably 
the  eastern  extension  of  the  Encrinal  band.  Since  in  Ontario,  Seneca, 
and  Cayuga  counties  the  most  abundant  coral  faunas  are  in  the 
Basal  Hamilton,  either  this  coral  reef  at  Skaneateles  Lake  is  (1)  a 
continuation  of  the  stratum  called  the  ''Basal  Hamiton,"  which  is 
several  hundred  feet  above  the  Marcellus  shales  in  the  Cayuga  Lake 
section,  or  (2)  the  Encrinal,  or  (3)  the  union  of  (1)  and  (2),  or  (4)  a 
separate  stratum.  With  the  data  now  at  hand  Luther's  supposition 
is  as  probable  as  any  other. 

Since  the  Encrinal  is  found  in  a  number  of  localities  between  Lake 
Cayuga  and  Lake  Erie,  of  the  same  lithological  character,  in  rela- 
tively the  same  position  in  the  shale,  with  a  fauna  which  changes 
little  in  a  distance  of  125  miles,  it  should  be  considered  as  a  continu- 
ous stratum.  East  of  Cayuga  Lake  the  correlation  of  the  coral  zones 
is  yet  to  be  worked  out.  However,  conditions  of  sedimentation  such 
as  would  produce  a  limestone  stratum  anywhere  in  the  Middle  Ham- 
ilton would  be  adapted  to  and  contain  what  might  be  called  a  lime- 
stone fauna  which  would  not  differ  materially  from  the  fauna  of  the 
Encrinal;  and  whether  this  stratum  were  continuous  or  not,  the  same 
association  of  fossil  would  probably  exist. 

GASTEROPODA. 

Gasteropoda  predominate  both  in  specific  and  in  individual  devel- 
opment in  the  lower  shales  of  Ontario  County.  This  is  also  the  con- 
dition at  Eighteenmile  Creek,  where  only  one  gasteropod,  Platyo- 
stoma  linecday  is  found  above  the  Encrinal,  and  that  but  rarely  in  one 
layer.  In  the  Cayuga  Lake  section  Gasteropoda  are  not  common  in 
any  portion  of  the  section,  but  are  about  as  frequently  met  with  above 
as  below  the  Encrinal.  They  occur,  however,  rather  more  frequently, 
in  proiK)rtion  t^  the  Pelecypoda  and  Brachiopoda,  in  the  fine  shales 
of  Zone  V, 


n  Report  State  (4«ol.  New  York,  1885. 
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USE  OF  TERMS    *  UPPER  '  AND  *' LOWER  '  HAMILTON  FAUNA. 

The  data  at  haod — the.  faunules  of  the  Cayuga  I^ke,  Eighteen- 
mile  Creek,  and  Livonia  sections — are  sufficient  to  warrant  some  defi- 
nite statement  as  to  the  propriety  of  the  terms  "an  Upper  Hamilton 
fauna"  or  **a  Lower  Hamilton  fauna,"  used  by  some  vrriters  as  sig- 
nifying an  ability  to  distinguish  between  them. 

A  comparison  of  the  Cayuga  Lake  section  with  that  of  Eighteenmile 
Creek  shows  that  the  relative  abundance  of  species  and  individuals  in 
the  Upper  and  Lower  Hamilton  of  the  two  sections  is  reversed.  At 
Cayuga  Lake  the  number  of  species  and  individuals  is  greater  above 
than  below  the  Encrinal  beds,  while  the  opposite  is  decidedly  true  of 
the  Eighteenmile  Creek  section. 

Spirifer  granulosus  is  a  rather  common  fossil  above  and  below  the 
Encrinal  at  Cayuga  Lake,  but  is  restricted  to  the  Lower  Hamilton 
and  the  Encrinal  at  Eighteenmile  Creek  and  to  the  Upper  Hamilton 
at  Livonia.  Reiiculuria  fimbriata,  Tropidoleptus  carinafus,  and  the 
lingulas  are  distributed  in  the  three  sections  in  the  same  manner  as 
Spirifer  granvlosus. 

Stropheodonta  concai'a  and  8,  junia  are  in  the  Lower  Hamilton  at 
Eighteenmile  Creek,  but  an^  restricted  to  the  Upper  Hamilton  at 
Cayuga  Lake  and  Livonia. 

Only  two  species  of  Brachiopoda  have  been  found,  which  are  re- 
stricted to  the  Upper  Hamilton  of  the  three  sections,  exclusive  of  the 
Encrinal  —  Ambocoelia  prcBumhona  and  Spirifer  marcyi.  But  it 
would  not  be  remarkable  if  even  these  were  found  lower.  Since  these 
species  have  not  been  reported  east  of  Cayuga  Lake,  they  must  of 
necessity  have  little  use  in  stratigraphy.  Ambocxzlia  praumbona 
has  not  been  reported  outside  of  New  York  State,  and  it  may  have 
originated  in  western  New  York  after  the  Encrinal  band  was  deposited. 

Leiorhynchus  limifarey  Spirifer  macrus,  Anoplotheca  Camilla^  and 
Stroplialosia  truncata  are  species  which  have  not  been  reported  above 
the  Encrinal  beds.  The  first  is  a  typical  Marcellus  fossil  (reported 
by  Clarke**  in  a  "recurrent  fauna"  above  the  '* Basal  limestone"  in 
Ontario  County) ;  the  second  and  third  are  typical  Onondaga  (Cor- 
niferous)  species  which  have  never  been  found  above  the  Marcellus; 
only  the  fourth,  Strophalosia  truncata,  is  a  species  often  found  in  the 
Hamilton.  A  comparison  of  the  corals,  pelecypods,  and  gasteropods 
brings  the  same  results. 

From  the  above  it  will  be  seen  that  the  burden  of  evidence  at  pres- 
ent is  against  the  supposition  that  it  is  possible,  without  the  aid  of 
stratigraphy,  to  distinguish  between  the  Upper  and  Lower  Hamilton 
fauna.  However,  the  presence  of  Spirifer  marcyi  and  Arribocadia 
prwumhona  and  the  absence  of  Strophalosia  truncata  in  a  fauna 
would  l)e  presumptive  evidence  of  the  Upper  Hamilton. 

a  Rept.  State  deol.  New  York,  1886. 
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EXPLANATION  OP  DIAGRAM,  PIG.  3. 

The  data  from  which  this  diagram  was  constructed  were  obtained 
from  the  New  York  Geological  Reports,  commencing  with  vol.  4, 1867, 
Palaeontology  of  New  York,  together  with  the  Peabody  Museum 
collections  from  Onondaga,  Cayuga,  Seneca,  Genesee,  and  Erie 
counties  used  in  the  preparation  of  this  paper.  The  distances  are 
only  approximate,  some  noted  collecting  locality  being  usually  taken 
as  a  center. 


80  Sp. 
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Pio.  8.— Diagram  showing  the  distribation  of  fossils  of  the  Hamilton  stage  throughout  New 

York  State. 

The  curves  from  Onondaga  County  west  are  probably  more  nearly 
correct  than  those  east,  because  of  the  exceptionally  careful  collec- 
tions from  Pomi)ey,  Cayuga  Lake,  Livonia,  and  Eighteenmile  Creek. 
The  faunal  lists  of  Prof.  C.  S.  Prosser^  make  the  collections  from  the 
extreme  eastern  portion  of  the  State  fairly  full. 

As  is  readily  seen,  the  center  of  abundance  of  PelecyjKHia  is  in 
Onondaga  County.  From  that  point  the  decrease  to  the  west  is  rapid. 
The  decrease  in  the  number  of  'species  of  Pelecypoda  in  the  aren- 
aceous shales  east  of  Onondaga  County  would  probably  be  less 
than  represented  were  fuller  collections  to  be  had.  That  the  condi- 
tions in  eastern  New  York  were  much  less  favorable  to  the  develop- 
ment of  brachiopods  than  of  pelecypods  is  shown  by  the  fact  that  the 
relative  abundance  of  brachiopods  to  pelecypods  in  Schoharie  County 
is  13: 60,  while  at  Lake  Erie  the  ratio  is  70: 40. 

The  increasing  abundance  of  species  of  brachiopods  from  east  to 
west  is  very  striking  and  uniform.  The  line  showing  the  abundance 
of  Gasteropoda  varies  less  from  east  to  west  than  the  other  classes. 
The  data  concerning  the  corals  show  a  uniform  increase  between 
Cajmga  and  Erie  counties. 


«  Fifteenth  Ann.  Kept.  State  Geol.  New  York,  1885. 
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Two  facts  should  be  borne  in  mind  in  the  consideration  of  the  rela- 
tive abundance  of  fossils  when  studied  geographically,  (1)  the  excel- 
lent opportunities  for  collecting  in  certain  localities,  as  central  and 
western  New  York,  and  the  greater  difficulty  in  others,  as  the  eastern 
counties  of  New  York,  and  (2)  the  fact  that  often  in  a  formation  the 
same  time  elapsed  during  the  deposition  of  a  few  feet  of  sediment  in 
one  place  that  it  took  for  the  deposition  of  many  times  that  thickness 
in  another  locality  in  the  formation.  The  time  required  for  the 
deposition  of  the  67  feet  of  sediment  at  Eighteenmile  Creek,  the  517 
feet  at  Livonia,  the  1,100  feet  at  Cayuga  Lake,  and  the  great  thick- 
ness of  the  eastern  shales  was  the  same.  At  any  one  time  there  may 
not  have  been  a  greater  number  of  living  shells  in  Erie  County  than 
in  the  central  or  eastern  part  of  the  State;  the  conditions  were,  how- 
ever, more  favorable  for  the  development  of  brachiopods  and  corals 
than  for  pelecyiK)ds. 

The  change  from  east  to  west,  not  only  in  the  relative  number  of 
species  but  in  the  species  themselves,  is  spoken  of  by  Hall  ^  as  fol- 
lows: ''So  great  is  this  change  that  if  a  collection  of  fossils  from  the 
Hamilton  formation  in  the  counties  of  Albany  and  Schoharie  be  com- 
pared with  a  collection  from  the  same  group  in  Grenesee  and  Erie 
counties  the  number  of  species  common  to  both  would  be  less  than 
has  been  sometimes  indicated  as  passing  from  one  geological  formation 
to  another." 

a  Preface  to  Pal.  New  York,  vol.  4, 1887. 
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CHAPTER  VI. 
CONCLUSIONS. 

In  this  investigation  the  following  conclusions  have  been  reached: 

(1)  There  are  a  number  of  fossil  faunules  in  the  Hamilton  formation 
which  can  be  quite  accurately  defined.  A  glance  at  the  diagrams  PI.  V, 
A  and  B,  and  the  table  (Appendix)  shows  the  distinctness  with  which 
many  of  these  faunules  are  marked  off.  On  the  present  sea  bottom 
it  is  possible,  given  the  conditions  of  bottom,  depth,  temperature,  etc., 
in  any  region,  to  state  with  considerable  certainty  the  composition  of 
the  faunule.  The  boundary  line  between  modern  faunules  is  some- 
times distinct,  but  often  there  is  such  a  mixture  of  the  two  faunules 
at  the  boundary  that  it  is  impossible  to  state  where  the  line  should 
be  drawn.  In  the  vertical  distribution  of  fossil  faunules  the  same 
difficulty  is  encountered.  Shales  containing  a  mixture  of  faunules 
are  not  uncommon,  but  whei-e  uniform  conditions  prevailed  for  a  con- 
siderable length  of  time  a  definite  group  of  species  occurs.  Occasion- 
ally the  change  was  sudden,  and  the  faunules  are  separated  by  a  dis- 
tinct line.  Zone  D  is  an  excellent  example  of  such  a  case;  the  shales 
above  and  below  are  almost  barren  of  fossils,  while  Zone  D  is  very 
fossiliferous.  Occasionally  a  thin  layer  of  fine  shale  is  seen  in  the 
midst  of  a  fossiliferous  zone,  or  a  thin  layer  rich  in  fossils  in  a  barren 
zone. 

(2)  The  difference  between  the  composition  of  different  faunules  of 
the  Hamilton  formation  is  often  more  marked  than  between  faunules 
of  the  same  facies  belonging  to  different  formations.  A  study  of  liv- 
ing faunules  leads  one  to  expect  such  a  condition,  since  in  a  short 
distance  bathymetrically  and  geographically  there  is  often  a  complete 
change  in  species. 

(3)  Migration  of  the  organisms  which  lived  during  the  Hamilton 
stage  was  undoubtedly  accomplished  in  the  same  way  as  at  present. <" 
Such  animals  as  Crustacea  and  Orthocercdites  had  considerable  power 
of  movement  in  the  adult  condition,  but  the  common  fossil  animals, 
such  as  the  brachiopods  and  pelecypods,  were  practically  stationary 
when  mature.  The  only  means  of  migration  for  such  classes  was 
during  the  free  swimming  stage.  During  this  stage  they  were  carried 
about  by  currents  and  to  some  extent  moved  by  their  own  activity. 


tH9e  Parker  and  Has  well,  Text-Book  of  Zoology^  and  oUier  Zoolo^en.    Marine  Bionomy 
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Zoologists  cite  many  cases  of  the  sudden  appearance  of  species  previ- 
ously unknown  to  certain  localities  which  were  carried  there  during 
the  free  swimming  stage  by  unusual  conditions.  These  si)ecie8  often 
live  but  one  year,  and  may  not  be  seen  again  for  years.  Drifting 
timber  and  other  means  enable  old  and  young  of  certain  species  to 
be  carried  long  distances.  The  migration  of  the  sx)ecies  making  up 
the  bulk  of  the  Hamilton  faunules  undoubtedly  took  place,  for  the 
most  part,  during  the  free  swimming  stage. 

(4)  The  repetition  of  faunas  such  as  are  found  in  a  section  like  that 
of  Cayuga  Lake  shows  that  there  was  an  oscillation  of  similar  condi- 
tions. It  is  probable  that  had  the  conditions  remained  uniform  dur- 
ing the  whole  of  the  stage  only  one  of  these  faunas  would  have  occurred. 
The  Leiorhynchus  zone  is  several  hundred  feet  thick  in  this  region. 
There  is  no  objection  to  the  supposition  that  such  a  faunule  would 
have  lived  on  throughout  the  stage  had  the  conditions  remained  as 
they  were  during  the  deposition  of  that  zone. 

(5)  An  *  *  accidental "  faunule  is  one  which  has  been  produced  in  a  long 
period  of  time  in  a  region  where  sedimentation  has  been  very  slight, 
but  in  which  the  conditions  changed  for  short  periods  sufficiently  to 
iptro^tjce  a  fewH^ecies.-  In  the  aggregate  the  number  of  species  of 
such  a  faunule  may  bo  great.  A  faunule  of  this  character  is  very  con- 
fusing, composed,  as  it  is,  of  species  from  perhaps  several  faunules. 
It  was  not  unusual  for  a  thousand  or  more  feet  of  sediment  to  be 
deposited  in  one  region,  while  in  another,  during  the  same  period  of 
time,  only  a  few  feet  were  laid  down.  It  is  consequently  unsafe  to 
say,  because  fossils  are  abundant  in  a  few  inches  of  shale,  that  the  con- 
ditions were  necessarily  exceptionally  favorable  for  the  development 
of  that  faunule.  It  is  not  impossible  that  hundreds  or  even  thousands 
of  years  may  have  elapsed  during  the  deposition  of  such  a  zone.  The 
comparison  of  the  thickness  of  the  Hamilton  formation  at  Cayuga 
Lake  with  that  at  Eighteenmile  Creek  showed  that  while  1,100  feet  of 
shales  were  deposited  in  the  Cayuga  Lake  region  only  67  feet  were 
deposited  at  Eighteenmile  Creek.  On  the  other  hand,  that  great 
length  of  time  and  little  sedimentation  are  not  necessary  for  the  for- 
mation of  all  fossiliferous  zones  is  evident  from  the  x>ecuUar  and  char- 
acteristic faunules  of  these  zones  and  the  position  of  the  fossils  in  the 
shale  and  limestone. 

(6)  In  a  section  such  as  that  of  the  Hamilton  formation  at  Cayuga 
Lake,  which  represents  in  its  formation  between  1,846,150  and  26,153,840 
years,**  if  the  statement  "natura  non  saltum  facet"  is  granted,  one 
should,  with  some  conlidence,  expect  to  find  many — at  least  some — 
evidences  of  evolution.  A  careful  examination  of  the  fossils  of  all 
the  zones,  from  the  lowest  to  the  highest,  failed  to  reveal  any  evolu- 
tional changes,  with  the  possible  exception  of  Avihocodia  prcBumboTia. 

a  The  first  efltimate  is  from  Dana:  the  necond  is  the  maximnm  of  Geikie.  The  Meao-Devonian 
was  ofttimated  a«  one-third  the  Devonian. 
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The  species  are  as  distinct  or  as  variable  in  one  portion  of  the  sec- 
tion a8  in  another.  Species  varied  in  shape,  in  size,  and  in  surface 
markings,  but  these  changes  were  not  progressive.  The  conclusion 
must  l)e  that,  so  long  as  the  conditions  of  sedimentation  remain  as 
uniform  as  they  were  in  the  section  under  consideration,  the  evolution 
of  brachiopods,  gastropods,  and  pelecypods  either  does  not  take  place 
at  all  or  takes  place  very  seldom,  and  that  it  makes  little  diflPerence 
how  much  time  elapses  so  long  as  the  conditions  of  environment 
remain  unchanged. 

(7)  An  analysis  of  the  Hamilton  faunas  shows  conclusively  that 
there  is  little  basis  for  the  terms  "an  upper"  and  "a  lower  Hamil- 
tonian  fauna"  unless  these  terms  are  used  to  signify  that  it  is  possible 
in  isolated  sections  to  state,  from  the  composition  of  the  fauna,  whether 
the  i-ock  is  above  or  ^>elow  the  Encrinal  bed. 
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Craniacea  Waagen 62-5S 

Craniella  OehWt 6«-6« 

hamiltonisB  HaU 52,08 
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Cyrtina  Davidson 45 
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Delthyris  Dalman 48 
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Echinocarifl  Whitfield 81 

punctata  Hall 81,104 
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faunules  of,  comparison  of 84-85 
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llncklaeni  Hall 24,27,43,44,97 

Euomphalidffi  de  Koninck 74 

Euomphalus  Sowerby 74 
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showing  distribution  of 87 
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subtenuis  Hall 61,99 
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Glyptocardia  Hall 62 

speciosaHall 62,100 

Gompho -eras  Sowerby 79 
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rugosa  Conrad 71,102 
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bisulcAta  Conrad 61,  W 

constricta  Hall 28,60,99 

cuneata  Hall 61,99 

Grammysiidte  Fischer 60-61 
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ing distribution  of 87 
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canadensis  Nicholson 89,96 
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confluensHall 24,86,84,95 

halliE.  AH 24,86,84,95 

Hexacoralla  Haeckel 36-88 
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dekayi  Green 80,104 

Hyolithes  Eichwald 77 

aclisHall 77,103 

striatusHall 77,103 

HyolithidflB  Nicholson 77 

Hypothyris  King 42 
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Leda  Schumacher 61 
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roetellata  Conrad 64,100 

LedidsB  Adams 64-65 
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conradiHall 68,101 

dekayi  Hall 08,101 

gabbiHall 67,101 
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raflnesqull  Hall 67,101 

sayiHall 68,101 
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Lingulidae  Gray 40-41 
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Martinia  McCoy 48 

subumbona  Hall 48,97 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 

United  States  Geological  Survey, 
Washington,  D.  C,  September  26,  1902. 
Sir:  I  have  the  honor  to  transmit  herewith  a  memoir  by  Messrs. 
Clarke  and  Steiger  on  the  action  of  ammonium  chloride  upon  silicates, 
with  the  recommendation  that  it  be  published  as  a  bulletin.  These 
researches  are  of  great  geological  importance  for  the  light  they  throw 
upon  the  rational  constitution  of  minerals.  They  are  based  on  a 
method  which  is  wholly  novel  and  which  is  capable  of  wide  applica- 
tion. The  work  is  most  creditable  to  the  authors  and  to  the  United 
States  Geological  Survey. 

Very  respectfully,  your  otedient  servant, 

George  F.  Becker, 

Oeologist  in  Charge, 
Division  of  Chemical  and  Physical  Research. 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 
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THE  ACTION  OF  AMMONIUM  CHLORIDE  UPON 

SILICATES. 


By  Frank  Wigglesworth  Clarke  and  George  Steiger. 


INTRODUCTORY   STATEMENT. 

In  a  series  of  investigations  by  Clarke  and  Schneider,  which  wer^ 
carried  out  in  the  laboratory  of  the  United  States  Geological  Survey 
between  the  yeai^s  1889  and  1892,"  a  numl)er  of  reactions  were  studied 
which  shed  some  light  upon  the  constitution  of  the  natural  silicates. 
Among  these  reactions  two  were  of  peculiar  interest,  on  account  of 
their  simplieitj^  and  the  ease  with  which  they  could  he  applied. 

First,  in  the  case  of  talc,  it  was  found  that  one-fourth  of  the  silica 
could  be  liberated  by  ignition;  and  that  the  fraction  thus  set  free 
was  measurable  by  solution  in  aqueous  sodium  carbonate.  This 
reaction  suggests  that  other  acid  metasilicates  may  behave  in  a  sim- 
ilar way,  and  that  we  perhaps  have  a  means  of  discrimination  between 
such  salts  and  other  compounds  which  simulate  them.  In  other 
words,  an  acid  met^silicate  may  be  experimentally  distinguished 
from  a  pseudo-metasilicate  by  the  way  in  which  it  splits  up  when 
ignited.  Evidence  bearing  upon  this  supposition  will  he  found  in 
the  present  paper. 

The  second  of  the  reactions  just  referred  to  is  that  between  dry 
ammonium  chloride,  at  its  temperature  of  dissociation,  and  various 
silicates,  different  minerals  being  very  differently  attacked.  Some 
are  completely  decomposed,  others  are  affected  but  slightly,  and  in 
certain  cases  substitutions  are  proiluced  of  a  most  suggestive  char- 
acter. To  a  certain  extent,  the  two  reactions  overlap;  that  is,  each 
one  bears  somewhat  upon  the  other,  and  hence  both  have  received 
considemtion  in  the  present  series  of  researches. 

In  the  earlier  stages  of  our  work  the  several  silicates  which  were 
studied  were  heated  with  dry  ammonium  chloride  in  open  platinum 
crucibles.  The  temperature  chosen  was  350°,  at  which  point  the 
chloride  breaks  up  into  gaseous  hydrochloric  acid  and  free  ammonia, 

«  Balls.  U.  S.  Geol.  Survey  No.  78,  p.  11:  No.  90,  p.  II;  No.  113,  pp.  ?7,  34. 
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and  in  this  way  partial  changes  were  effected.  Lat^r,  the  heatings 
were  performed  in  sealed  combustion  tubes,  and  then  the  reaction 
proved  to  be  much  more  far-reaching.  In  nearly  everj'  case  the 
material  taken  for  investigation  was  ground  up  into  one  large,  uni- 
form sample,  upon  which  all  the  expeiiments  were  performed,  and 
in  that  way  the  results  obtained  are  comparable  with  one  another. 
The  few  exceptions  to  this  rule  of  procedure  will  be  noticed  at  the 
proper  places.  In  testing  for  soluble  silica,  a  standard  solution  of 
sodium  carbonate,  containing  250  grams  t^  the  liter,  was  used,  and 
here  again  the  experimental  conditions  have  been  kept  uniform.  So 
much  premised,  we  may  proceed  to  the  description  of  our  investiga- 
tions, species  by  sjiecies,  in  detail. 


ANALOITE. 

Analcite,  from  many  points  of  view,  is  a  species  of  peculiar  inter- 
est, and  of  late  years  it  has  received  a  great  deal  of  attention.  Its 
formula  may  be  written  in  various  ways,  especially  as  regards  the 
interpretation  of  its  one  molecule  of  water;  but  evidence  too  often 
has  yielded  before  preconceived  opinion.  Additional  evidence  is  now 
available,  partly  from  the  experiments  of  F'riedel,  and  partly  from 
the  data  obtained  during  the  present  investigation. 

The  analcite  first  examined  by  us  was  in  well-developed  crystals 
from  Wassons  Bluff  in  Nova  Scotia.  A  uniform  sample  was  pro- 
pared,  as  usual,  and  the  analysis,  given  below,  is  contrasted  with  the 
theoretical  composition  required  by  the  accepted  empirical  formula 

up. 


NaAlSi./), 


SiO,- 

Al.Oa 
Fe.Os 
CaO  - 


Na,0 

H,0  at  100    . . 
H,0  over  100° 


Found. 


57.00 

21.48 

.13 

.16 

12.20 

.58 

8.88 

99.99 


Calculated. 

54.55 
23.18 


14.09 


8.18 
100.00 


Fractions  of  wafer. 


At  100^ 

At  180  \ 

At  260^ 

At  300 -. 

Low  redness. 

Full  redneas    . .    •. 

Blast 


0.58 
1.16 
3.64 
1.57 
1.90 
.11 
none 

8.96 
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The  fractional  water  determinations  were  made  by  heating  in  an 
air  bath  to  constant  weight  at  each  temperature  up  to  300°,  and 
finally  over  the  direct  flame.  The  first  fraction,  at  100°,  is  evidently 
hygroscopic  or  extraneous  water,  which  can  be  disregarded.  The 
remainder  of  the  water,  8.38  per  cent,  belongs  to  the  species.  The 
significance  of  the  analytical  figures  will  be  considered  later. 

Upon  l)oiling  the  powdered  analcite  with  the  standard  sodium  car- 
bonate solution,  0.73  per  cent  of  silica  was  extracted.  After  ignition 
the  mineral  in  two  determinations  yielded  1.46  and  1.38  per  cent, 
respectively.  The  splitting  off  of  silica  is,  therefore,  very  slight;  and 
one  of  the  formulae  proposed  by  Doelt^r,^  Na-jAljSi^Og+SHjSiOa,  may 
be  set  aside  as  improbable.  Metasilicic  acid,  or  anacidmetasilicate, 
can  hardly  be  present  in  analcite;  although  the  possibility  of  a  neutral 
metasilicate,  as  indicated  by  the  empirical  formula,  is  not  excluded. 
If  Doelter's  formula  were  correct,  one-half  of  the  silica  should  be 
liberated  by  ignition. 

Upon  heating  analcite  with  dry  ammonium  chloride,  notable  results 
were  obtained  even  in  an  open  platinum  crucible.  Sodium  chloride 
was  formed,  which  could  be  leached  out  by  water  and  measured, 
while  ammonia,  free  from  chlorine,  was  retained  by  the  residue  to  a 
notable  and  surprisingly  stable  degree.  The  experiments^  in  detail 
were  as  follows: 

A.  Analcite,  mixed  with  four  times  its  weight  of  ammonium  chloride,  was 
heated  for  four  hours  to  350".  There  was  a  gain  in  weight  of  2.18  per  cent,  and 
6.10  per  cent  of  soda,  or  one-half  of  the  total  amount,  was  converted  into  NaCl, 
which  was  leached  out  by  water,  examined  as  to  its  purity,  and  weighed.  In  the 
residue  1.20  per  cent  of  silica  was  extracted  by  sodium  carbonate,  showing  that 
net  more  splitting  off  had  occurred  than  was  previously  observed.  The  gain  in 
weight,  as  will  he  seen  from  subsequent  experiments,  is  due  to  the  fact  that  all  of 
the  NH4CI  had  not  been  driven  off,  or  else  that  more  water  was  retained. 

B.  Analcite  was  ground  up  with  four  times  its  weight  of  NH4CI,  heated  for 
several  hours,  reground  with  another  fourfold  portion  of  chloride,  and  heated  to 
350°  for  twenty-one  hours.  Gain  in  weight,  0.08  per  cent.  5.57  per  cent  of  soda 
was  extracted  as  chloride. 

C.  Analcite  heated  to  350°  for  eight  hours  with  four  times  its  weight  of  NH4CI. 
Loss  of  weight,  0.10  per  cent. 

D.  Six  grams  of  mineral  and  28  of  chloride,  mixed  by  thorough  grinding,  were 
heated  to  350^  for  fourteen  hours;  then  were  reground  with  28  grams  of  fresh 
NH4CI  and  heated  for  thirty-five  hours.  Loss  of  weight,  0.13  per  cent.  5.07  per 
cent  of  soda  was  extracted  as  chloride,  plus  0.14  of  ammonium  chloride  unexpelled. 
2.03  per  cent  of  silica  was  rendered  soluble  in  sodium  carbonate. 

So  far  three  facts  are  noticeable.  First,  the  weight  of  the  mineral 
aft^er  treatment  is  almost  exactly  the  same  as  before,  showing  that 
gains  and  losses  have  balanced  each  other.  Secondly,  little  silica  has 
been  split  off.  Thirdly,  approximately,  but  not  rigorously,  one-half 
of  the  soda  has  been  converted  into  NaCl.  In  A  it  was  exactly  half; 
in  the  other  experiments,  a  little  less  than  half.  Furthermore,  in  the 
sodium  chloride  dissolved  out,  there  is  only  a  very  little  ammonium 
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chloride,  amounting  at  most  to  0.14  per  cent,  calculated   upon  the 
weight  of  the  original  mineral. 

In  the  residue  of  the  analcite  after  extraction  of  sodium  chloride, 
abundant  ammonia  can  be  detected,  with  either  no  chlorine  or  at 
most  a  doubtful  trace.  If,  however,  the  un  leached  mineral,  still 
retaining  its  sodium  chloride,  be  heated  strongly,  say,  from  400°  up 
to  redness,  'NH4CI  is  regenerated  and  given  off.  Its  absence,  as  such, 
both  from  the  leach  and  the  residue  wfts  repeatedly  proved.  The 
ammonia  and  water  retained  by  the  analcite  after  healing  to  350®  with 
ammonium  chloride  were  several  times  determined,  and  the  following 
percentages,  still  reckoned  on  the  original  mineral,  were  found: 


NHs. 

H 

|0. 

InB      

2.03 
2.19 
2.86 
2.35 
2.06 

2.25 

InC 

2.00 

InD      

1.89 

(( 

(i 

Mp-ATI                        .       .  _  _    _ .  .       -    .  _  _      _  _  .    .  _      _ 

2.20 

2.04 

Correcting  the  ammonia  for  the  0.14  of  NH4CI  found  in  D,  the  mean 
value  becomes  2,15.  The  determinations  of  it  were  made  by  three 
distinct  methods,  and  there  is  no  possible  doubt  as  to  its  presence. 

The  composition  of  the  analcite  after  the  treatment  with  ammonium 
chloride  may  now  be  conside'i'ed,  with  the  subjoined  combination  of 
the  data.  The  NaCl  in  A,  11.50  per  c^.nt,  was  in  material  which  had 
gained  2.18  per  cent,  and  is  subject  to  a  correction  which  reduces  the 
figure  to  11.26.  In  B,  C,  and  D  the  corresponding  correction  is  so 
small  that  it  may  be  neglected.  The  last  column  gives  the  composi- 
tion of  the  leached  residue,  recalculated  to  100  per  cent,  after  deduc- 
tion of  NaCl  and  the  soluble  silica.  The  letters  refer  back  to  the 
several  experiments,  and  the  little  iron  is  included  with  the  alumina. 


A. 
1.20 

B. 

C. 

D. 

Average. 

Residue. 

Sol.  SiO, 

2.03 

54.96 

21.37 

.10 

9.57 

7.12 

2. 21 

1.89 

99.31 

1.61 

54.96 

21.37 

.16 

10.44 

7.12 

2.15 

2.04 

Tn«»l    SiO^ 

62.59 

A1,0,                     

24.34 

CaO          ..   - 

.18 

Naa        

11.26 

10.50 

Na,0 

8.11 

NH,                

2.03 
2.25 

2.19 
2.00 

2.46 

H,0                  

2.32 

_    ^_ 

99.85 

100.00 
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The  results  thus  obtained  with  analeite  from  Nova  Scotia  were  so 
remarkable  that  further  investigation  seemed  to  be  needed  upon 
material  of  different  origin,  and  with  variation  in  the  details  of 
manipulation.  The  new  experiments,  which  have  led  to  highly  inter- 
esting consequences,  are  now  to  be  described. 

To  the  kindness  of  President  Regis  Chauvenet,  of  the  State  School 
of  Mines,  we  are  indebted  for  a  liberal  suppl}^  of  well-crystallized 
analeite  from  North  Table  Mountain,  near  Golden,  Colo.,  of  which  a 
uniform  sample  of  about  80  grams  was  pi'epared.  An  analysis  of 
the  mineral  gave  the  following  i-esults: 

SiO, 55.72 

AljOs -   23.06 

CaO 17 

Na,0 - - 12.46 

HjOatlOO" 0.13 

H,0  above  100° 8.26 

99.80 
Water  by  fractions. 

At  100" - 0.18 

At  180*' - .75 

At260° -    - 2.44 

At  300" --- - 1.28 

At  350" 1.76 

At  redness - 2.03 

8.39 
Above  a  low  red  heat  no  further  loss  of  weight  was  observed.  Upon 
boiling  the  powdered  mineral  for  fifteen  minutes  with  the  standard 
solution  of  sodium  carbonate,  0.45  per  cent  of  silica  was  dissolved. 
After  ignition,  0.57  per  cent  was  soluble,  which  is  practically  the 
same  amount.  No  silica  was  split  off  by  heating.  The  experiments 
with  ammonium  chloride  fall  into  two  series.  The  first  of  these  was 
conducted  precisely  as  in  the  case  of  the  Nova  Scotian  material, 
namely,  by  grinding  the  powdered  mineral  into  an  intimate  mixture 
with  four  times  its  weight  of  the  chloride,  and  heating  in  an  open 
crucible.  In  three  cases  the  material,  after  volatilization  of  the 
ammonium  chloride,  was  reground  with  a  fresh  amount  of  the  salt, 
and  tlien  heated  again.  The  temperature  and  duration  of  the  experi- 
ments were  purposely  somewhat  varied.  After  heating,  the  material 
was  leached  out  with  water,  the  sodium  chloride  which  had  been  formed 
was  estimated,  and  in  the  residue  the  fixed  ammonia  was  determine<l. 
In  this  series  thei'e  were  four  experiments,  with  results  as  follows: 


A 
B 
C 
D 


Hours 
heated. 

Temper- 
ature. 

Soda  re- 
moved. 

Ammonia 
in  residue. 

28 

300 

1 

4. 75 

2.04 

81 

350 

6.36 

2.88 

26 

:«o 

3. 76 

1.72 

5 

340-380 

6.70 

2.85 
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In  the  analcite  from  Nova  Scotia  the  ammonia  retained  by  the 
leached  residue  ranged  from  2.03  to  2.36  per  cent,  while  the  extracted 
soda  varied  from  5.07  to  6.10.  In  two  of  the  new  experiments  these 
figures  are  perceptibly  exceeded,  and  they  represent  the  shortest 
duration  of  heating.  Prolonged  heating  seems  to  be  undesirable,  and 
seem-i  to  undo  a  part  of  the  reaction  which  has  taken  place;  otherwise 
the  results  obtaine<l  are  of  the  same  order  jis  their  predecessors. 
About  one-half  of  the  soda  in  the  analcite  is  converted  into  chloride, 
while  variable  ammonia  is  retained. 

In  the  second  series  of  experiments  a  sealed  tube  was  substituted 
for  the  open  crucible.  The  powdered  analcite  was  intimately  ground 
with  four  times  its  weight  of  ammonium  chloride,  as  before,  and  then 
heated  to  350°  in  a  tube  furnace  for  from  four  to  eleven  hours.  Under 
these  conditions  practically  the  whole  of  the  soda  in  the  mineral  was 
converted  into  sodium  chloride,  while  all  of  the  liberated  ammonia 
was  absorbed  by  the  residual  silicate.  Upon  leaching  the  contents 
of  the  tube  with  water,  to  remove  sodium  and  ammonium  chlorides, 
a  residue  was  obtaine<l  which  exhibited  constant  composition  whether 
dried  at  100°  or  at  the  ordinary  temperature  of  the  air.  Three 
samples  of  the  residue  were  prepared  and  analyzed;  other  samples 
were  partially  examined  and  used  for  subsidiary  experiments.  The 
three  analyses,  lettered  for  future  reference,  were  as  follows,  the 
analcite  itself  being  included  in  the  table  for  comparison : 


Analcite.     ResidaeA.    Residue  B. 


SiO,  ..       -j  55.72 

Al^Os     .      - I  23.06 

CaO ;  .17 

Na,0     j  12.46 

NH,  ..       1-   

H,0 8.39 


99.80 


100.03 


Residue  C  was  prepared  with  the  greatest  care,  and  was  air  dried. 
Exposed  over  sulphuric  acid  in  a  v  acuum  desiccator  for  fourteen  days, 
it  lost  in  weight  only  0.08  per  cent.  Tested  for  chlorine,  only  a  slight 
trace  could  be  recognized,  but  upon  boiling  for  fifteen  minutes  with 
sodium  carbonate  solution  it  yielded  1.97  of  soluble  silica.  After 
ignition  only  1.70  of  silica  was  soluble,  or  somewhat  less  than  before. 
Upon  heating  to  constant  weight  at  300°,  only  0.46  per  cent  was  lost, 
but  at  350°  it  slowly  decomposed,  giving  off  ammonia.  At  300°  the 
compound  is  stable. 

The  0.28  per  cent  of  soda  remaining  in  residue  C  may  be  regarded 
as  representing  unaltered  analcite,  doubtless  coarser  particles  which 
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escax)ed  complete  transformation.  It  corresponds  to  1.98  per  cent  of 
analcite,  which,  together  with  the  1.97  of  soluble  silica  and  the  0.46 
of  water  lost  below  300°,  may  be  deducted  from  the  substance  in 
order  to  obtain  the  composition  of  the  definite  compound.  The  latter 
amounts  to  94.72  per  cent  of  the  total  residue,  and  agrees  very  nearly 
in  composition  with  the  formula 

2NHa.H20.Al203.4Si02. 

Recalculating  the  94.72  of  residue  to  100  per  cent,  we  get  the  follow- 
ing comparison  between  analysis  and  theory: 


Written  in  rational  form  the  compound  becomes  equivalent  to  an 
anhydrous  ammonium  analcite, 

NH^AlSiA; 
that  is,  analcite  in  which  sodium  has  been  replaced  by  ammonium. 
From  this  point  of  view  the  reaction  between  analcite  and  ammonium 
chloride  becomes  a  simple  case  of  double  decomposition,  and  is  per- 
fectly intelligible.  To  establish  this  conclusion,  however,  corrobora- 
tive experiments  were  necessar3\ 

In  the  first  place,  the  observed  equivalency  between  the  sodium 
lost  and  the  ammonia  gained  might  be  due  to  a  mere  coincidence,  and 
so  far  be  illusory.  One  atom  of  sodium,  taking  chlorine  from  ammo- 
nium chloride,  liberates  one  molecule  of  ammonia,  the  amount  which 
the  analcite  residue  has  retained.  Suppose  more  ammonia  were  pres- 
ent; could  it  be  absorbed? 

To  answer  this  question  another  tube  was  prepared,  with  the  usual 
mixture  of  analcite  and  ammonium  chloride.  This  \\  as  covered  by  a 
loose  plug  of  glass  wool,  in  front  of  which  we  placed  enough  pure 
lime  to  lil)erate  about  double  the  normal  amount  of  ammonia.  The 
tube  was  then  sealed,  and  heated  to  350°,  as  in  the  previous  experi- 
ments. Upon  opening  the  tube,  a  strong  outnish  of  ammonia  was 
noticed;  but  in  the  leached  and  thoroughly  washed  residue,  only  7.52 
per  cent  of  ammonia  was  found.  This  quantity  agrees  with  that  from 
the  previous  samples,  and  shows  that  the  limit  of  the  reaction  has 
been  practically  reached.  One  molecule  of  ammonia  is  retained,  and 
no  more. 

Still  another  experiment  was  tried  upon  a  portion  of  the  residue 
marked  C.     If  the  compound  is  really  an  ammonium  salt,  it  should 
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be  decomposable  by  caustic  soda  in  such  a  way  as  to  reverse  the  reac- 
tion by  which  it  had  been  obtained.  The  substance,  however,  is  very 
insoluble,  so  that  the  reaction  takes  place  slowly.  To  phenol  phthal- 
ein  it  is  absolutely  neutral,  and  with  Nessler's  reagent  it  reacts  only 
aft-er  long  standing. 

To  settle  the  question  a  weighed  portion  of  the  compound  was  boiled 
in  a  distilling  flask  with  a  10  per  cent  solution  of  sodium  hydroxide, 
to  which  water  was  added  from  time  to  time.  The  distillate  was  col- 
lected in  a  tul>e  containing  aqueous  hydrochloric  acid;  and  the 
ammonia  which  passed  over  was  weighed,  ultimately  as  chloroplati- 
nate.  Hy  four  houi*s'  boiling  6.90  per  cent  of  ammonium  was  driven 
off  and  determined;  and  the  residue  remaining  in  the  flask,  after 
washing  until  no  alkaline  reaction  could  be  detected  in  the  wash- 
water,  was  examined  for  soda,  of  which  10.41  per  cent  was  found. 
The  anticipated  reaction  ha<^l  taken  place,  although  not  completely; 
it  was  enough,  however,  to  confirm  our  opinion,  and  to  establish  the 
nature  of  the  new  compound  beyond  reasonable  doubt.  Other  con- 
firmation was  obtained  later,  from  the  study  of  leucit^. 

The  foregoing  paragraphs  now  enable  us  to  understand  a  phenome- 
non which  we  observed  in  our  work  with  the  open  crucible.  In  that 
case  a  partial  reaction  takes  place  between  the  analcitiC  and  the 
ammonium  chloride,  producing,  as  in  the  sealed  tube,  a  mixture  of 
an  ammonium  alumino-silicate  with  sodium  chloride:  the  two  sub- 
stances being  separable  by  leaching.  But  if,  instead  of  leaching,  the 
mixture  be  heated  to  full  redness,  ammonium  chloride  is  re-formed 
and  given  off,  leaving  a  residue  which  contains  little  or  no  sodium 
chloride,  and  is  wholly  insoluble,  or  almost  so,  in  water.  That  is, 
the  reaction  which  occurs  at  SSO''  is  reversed  at  the  higher  temerature, 
and  anhydrous  analcite,  or  an  isomer  of  it,  is  regenerated.  Ammo- 
nium and  sodium  again  change  places,  and  the  original  state  of  molec- 
ular equilibrium  is  restored. 

What,  now,  is  the  nature  of  the  product  obtained  in  the  open  cru- 
cible after  sodium  chloride  has  been  removed?  Is  it  a  definite  inter- 
mediate compound  or  an  indeterminate  mixture?  At  first  we  were 
inclined  to  accept  the  first  of  these  alternatives,  and  we  assigned  to 
the  substance  the  formula  Il2Na2Al4Si8024.NH3,  in  which  the  ammonia 
plays  a  part  equivalent  to  that  of  water.  In  this  expression  we  were 
influenced  by  the  researches  of  Friedel,**  who  had  shown  that  ammonia 
could  in  part  replace  the  "zeolitic"  water  of  analcite;  but  it  now 
appears  that  the  phenomenon  observed  by  him  is  quite  distinct  from 
that  discovered  by  us,  and  is,  indeed,  of  an  entirely  different  order. 
We  may,  therefore,  in  accordance  with  our  new  data,  rearrange  the 
formula,  transforming  it  to  that  of  an  ammonium  salt,  HNa,NH4Al4 
Si8024,  the  agreement  with  the  analytical  figures  being  approximate 
only.     The  results  obtained  are  not  sharp  enough  for  certainty. 

This  product  we  are  now  inclined  to  regard  as  a  mixture,  although 
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it  is  not  strictly  intermediate  between  analcite  and  its  final  ammonium 
derivative.  Only  half  of  the  eliminated  sodium  has  been  replaced 
by  ammonium,  while  hydrogen,  or  water,  makes  up  the  deficiency. 
It  seems  probable  that  the  reaction  in  the  sealed  tube  and  that  in  the 
open  crucible  are  at  first  essentially  the  same,  but  that  in  the  latter 
case  secondary  reactions  follow,  which  cause  the  variations  in  the 
final  results.  In  the  sealed  tube  the  element  of  pressure  comes  into 
play,  and  the  reac^tion  is  complete.  In  the  open  crucible  pressure  is 
lacking;  some  ammonia  escapes  fixation  and  reacts  upon  a  part  of  the 
sodium  chloride  which  was  at  first  formed;  hence  the  composition  of 
the  leached  residue  is  essentially  modified.  This  residue  may  be  a 
definite  compound,  but  the  case  in  its  favor  is  unproved  and  the 
presumption  is  rather  against  it. 

The  most  remarkable  fact  developed  by  the  foregoing  experiments 
is  the  easy  replaceability  of  the  soda  in  analcite.  This  replaceability, 
however,  is  not  limited  to  the  substitution  of  ammonium  for  sodium; 
it  appears  to  extend  to  other  bases  as  well,  and  this  we  have  proved 
in  the  case  of  silver.  This  is  illustrated  by  three  experiments  upon 
the  Colorado  analcite,  as  follows: 

A.  Analcite,  intimately  mixed  with  dry  silver  nitrate,  was  heated  in  a  sealed 
tube  to  400'  for  fonr  honrs. 

B.  Analcite  and  silver  nitrate  were  heated  in  a  sealed  tube  to  250"  for  four  hotu^. 

C.  Ammonium  analcite »  mixed  with  dry  silver  nitrate,  was  heated  in  a  sealed 
tube  to  350^  for  four  hours. 

All  the  products  of  these  heatings  were  leached  with  water,  and 
washed  until  the  filtrates  gave  no  test  for  silver;  the  residues  were 
then  dried  on  the  water  bath.  The  product  in  each  case  was  a  white 
powder  not  differing  in  appearance  from  the  original  matenal. 

The  analyses  of  the  different  portions  are  given  below,  together  with 
the  comjwsition  of  the  theoretical  compound,  AgAlSijOg.IIjO,  which 
is  given  in  column  D. 


From  preparation  A,  13.13  per  cent  of  the  soda  in  the  original  min- 
eral was  found  in  the  leach  water;  and  in  B,  12.57  per  cent.  These 
quantities  are  slightly  in  excess  of  the  amount  actually  present  in  the 
analcite,  for  the  reason  that  a  little  other  material  which  passed  into 
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the  filtrates  was  not  separated  from  the  soda.  It  is  enough  to  show 
that  a  true  silver  analcite  has  been  formed,  and  that  the  transforma- 
tion is  practically  complete.  A  similar  reaction  takes  place  between 
silver  nitrate  and  chabazite,  but  the  product  as  yet  has  not  been 
exhaustively^  examined.  The  reaction,  it  will  be  observed,  is  analo- 
gous to  that  by  which  silver  ultramarine  is  produced,  and  it  suggests 
a  promising  line  of  experimentation  for  the  future. 

LEUCITE. 

Between  analcite  and  leucite  the  closest  analogies  have  long  been 
recognized.  The  two  minerals  have  similar  composition,  they  resemble 
each  other  in  (crystalline  form,  and  they  yield,  upon  alteration,  prod- 
ucts of  the  same  order.  .  Recently  also,  analcite,  like  leucite,  has  been 
identified  as  a  not  uncommon  constituent  of  volcanic  rocks;  analcite 
basalt  being  a  good  example.  In  view  of  these  resemblances  it  was 
plainly  desirable  to  compare  the  minerals  by  means  of  the  ammonium 
chloride  i-eaction,  a  task  which  has  been  performed  with  satisfactory 
results. 

In  a  preliminary  experiment  a  sample  of  leucite  taken  without 
regard  to  purity  was  heated  with  ammonium  chloride  to  SSC  in  a 
sealed  tube.  Potassium  chloride  was  formed  corresponding  to  18.0(5 
per  cent  of  potash,  and  in  the  leached  residue  6.90  per  cent  of 
ammonia  was  found.  The  foreseen  reaction  had  occurred,  and  more 
careful  work  was  accordingly  undertaken. 

Our  material  consisted  of  a  large,  irregular  crystal  of  leucite  from 
Vesuvius,  which  yielded  about  20  grams  of  the  pure  mineral.  This 
was  ground  to  a  uniform  sample,  and  a  portion  of  it  was  analyzed; 
the  analysis  will  be  given  presently.  The  sealed-tube  experiments 
were  conducted  precisely  as  in  the  case  of  analcite,  and  they  confirmed 
both  the  preliminary  test  and  our  anticipations.  Chlorides  were 
formed  equivalent  to  18.53  per  cent  of  potash,  1.08  of  soda,  and  0.08 
of  alumina;  the  reaction,  therefore,  was  very  nearly  complete.  The 
leached  residue  was  then  anal.yzed,  and  the  data,  compared  with  the 
analysis  of  the  original  mineral,  were  as  follows: 


SiO, 

A\,i\ 

CaO. 

NH3. 
H,0. 


Leucit4*. 

Residue. 

55.40  1 
33.69 

60.63 
26.44 

.16 

trace 

19.54  ' 

.50 

.      '          1.25' 

.25 

7.35 

.24 

'       5.1: 

100.28 

100.  ;m 
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Leucite,  then,  gives  the  same  reaction  as  analcite  and  yields  the 
same  ammonium  compound.  A  closer  agreement  in  the  composition 
of  the  latter  could  not  reasonably  be  demanded.  Ammonium  leucite 
is  formed  in  both  cases  by  ordinary  double  decomposition  in  a  state 
of  approximate  purity;  the  first  silicate  of  ammonium,  we  think, 
which  has  ever  been  prepared. 

As  a  further  check  upon  the  results  so  far  obtained,  an  attempt  was 
made  to  transform  ammonium  leucite  into  the  corresponding  lime 
salt,  CaAl2Si40i2,  by  fusion  with  calcium  chloride.  The  ammonium 
leucite  was  mixed  with  a  saturated  solution  of  calcium  chloride,  which 
was  evaporated  to  dryness,  then  heated  graduallj'^  to  dehydration,  and 
finally  fused.  Ammonium  chloride  was  given  off  and  identified. 
Upon  treating  the  fused  mass  with  water,  filtering  and  thoroughly 
washing  the  residue,  a  white  powder  was  obtained  which,  after  drying 
at  100°,  was  analyzed.  It  was  also  examined  microscopically  bj'  Mr. 
J.  S.  Diller,  who  found  it  to  consist  of  apparently  isotropic  grains, 
showing  traces  of  incipient  crystallization.  The  following  analysis  is 
contrasted  with  the  theoretical  composition  of  calcium  leucite,  from 
which  it  varies  c(msiderably. 


SiO, - 

AlA - 

CaO  -- .. 

K,0 

Na,0 

a 

Loss  on  ignition 


md. 

Calculated. 

54.35 

60.30 

26.23 

25.63 

17.38 

14.07 

.16 

.25 

.28 

1.24 

99.89 


100.00 


Evidently  the  desii^ed  salt  was  not  definitely  obtained,  and  the 
product  appears  to  be  a  mixture.  The  reaction,  however,  tends  in 
the  right  direction,  and  deserves  further  study  under  other  condi- 
tions. Probably  the  water  which  was  present  in  the  mixture  of  sili- 
cate and  chloride  took  part  in  the* changes  produced,  although  of  this 
we  can  not  be  certain.  It  is  interesting  to  note  that  the  product 
obtained  approximates  in  composition  to  the  meteoric  mineral  mas- 
kelynite,  which  is  regarded  by  Groth  as  probably  equivalent  to  a 
calcium  leucite. 

THE  CONSTITUTION    OF  ANALCITK  AND  LEUCITE. 

In  all  of  the  earlier  attempts  to  discuss  the  constitution  of  analcite 
the  molecule  of  water  which  it  contains  has  been  a  chief  element  of 
uncertainty.     Should  it  be  regarded  as  representing  hydroxyl  or  as 
9506— No.  207—02 2 
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water  of  crystallization?  That  question  arose  first  of  all.  Under  the 
first  interpretation  analeite  became  a  diorthosilicate:  AlNalljSijO,; 
under  the  latter  its  equivalency  with  leucite  appeared.  The  researches 
of  Friedel,  however,  have  settled  this  question  in  part,  and  whatever 
the  function  of  the  water  may  be  it  is  something  outside  of  the  true 
chemical  molecule;  for  all  the  water  can  be  expelled  from  analeite 
by  heat,  without  destruction  of  the  crystalline  nucleus,  the  anhydrous 
salt,  and  it  is  taken  up  again  upon  exposure  of  the  dehydrated  min- 
eral to  moist  air.  But  whatever  its  mode  of  union  may  ultimately 
prove  to  be,  the  amount  of  water  in  analeite  corresponds  to  the  simple 
molecular  ratio  which  is  shown  in  the  ordinary  formula  of  the  species. 
One  molecule  of  analeite  holds  a  certain  definite  number  of  water 
molecules,  and  Friedel's  observations  are  not  incompatible  with  the 
idea  that  these  are  retained  with  varying  degrees  of  tenacity.  This 
idea  is  suggested  by  the  various  series  of  fractionation  experiments 
which  have  been  made  from  time  to  time  by  independent  workers, 
even  though  the  data  are  not  by  any  means  concordant.  Thus 
Lepierre  ^  found  that  half  the  water  of  analeite  was  driven  off  at  or 
below  300'',  the  other  half  above  440°.  In  our  own  experiments  three- 
fourths  were  expelled  at  300°,  the  remaining  fourth  being  held  up  to 
a  much  higher  but  undetermined  temperature.  In  both  series  the 
water  fractions  are  represented  by  fourths,  but  Frieders  experi- 
ments* indicate  a  continuity  of  loss  in  weight  of  a  quite  dissimilar 
order.  Friedel  holds  that  all  of  the  water  fractionations  heretofore 
made  upon  analeite  are  fallacious,  and  that  no  definite  fractions  can 
be  identified — a  conclusion  strongly  supported  by  his  own  data,  even 
though  the  proof  is  not  absolutely  positive.  The  most  that  can  be 
said  is  that  the  weight  of  e\idence  so  far  is  in  favor  of  Friedel's 
contention,  but  that  additional  investigation  is  necessary  in  order  to 
reconcile  all  discrepancies.  The  full  significance  of  the  water  in 
analeite  remains  unknown. 

Eliminating  the  water  from  analeite,  the  empirical  formulj©  for 
both  analeite  and  leucite  appear  at  once  to  be  identical  in  form  and 
to  represent  salts  of  ordinary  metasilicic  acid.  Indeed,  both  minerals 
have  been  commonly  regarded  as  metasilicates;  but  upon  this  point 
the  production  of  the  ammonium  derivatives  now  sheds  a  new  light 
In  the  formation  of  the  latter  compounds  the  fixed  bases  of  the 
original  salts  have  been  replaced  by  a  volatile  base,  and  the  substances 
so  formed  split  up  upon  ignition  in  such  a  way  as  to  give  evidence 
regarding  their  constitution. 

For  example,  if  ammonium  leucite  is  a  true  metasilicate,  a  salt  of 
the  acid  HjSiOg,  it  should  break  up,  when  ignited,  in  accordance 
with  the  following  equation : 

2NII,Al(Si03)2=Al,(Si03)3+2Nn3+H20+SiO,; 


«  BuU.  Soc.  chim.  Prance,  3d  series.  Vol.  XV,  p.  661, 1S86. 
6Bull.  Soc.  min.  Prance,  Vol.  XIX,  p.  363, 1896. 
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that  is,  one-fourth  of  the  silica  ought  to  be  set  free,  measurable  by 
extraction  with  sodium  carbonate  solution.  No  such  splitting  off 
occurs,  however.  An  ammonium  leucite  which  already  contained  1. 97 
per  cent  of  soluble  silica  gave  only  1.70  per  cent  after  ignition ;  hence 
no  additional  silica  had  been  liberated.  We  may  conclude,  therefore, 
that  analcite  and  leucite  are  not  true  metasillcates,  but  pseudo^com- 
pounds,  either  salts  of  a  polymer  of  metasilicic  acid  or  mixtures  of 
ortho-  and  trisilicates  analogous  to  those  which  we  find  among  the 
plagioclase  feldspars  and  in  the  mica  group. 

In  order  to  discuss  the  constitution  of  analcite,  let  us  recur  to  our 
analysis  of  the  variety  from  Nova  Scotia.  It  is  at  once  evident  from 
the  comparison  made  on  a  preceding  page  that  our  sample  of  the 
mineral  varies  notably  in  composition  from  the  requirements  of 
theory.  The  silica  is  2^  per  cent  too  high,  while  alumina  and  soda 
are  coiTespondingly  low.  No  probable  impurity  and  no  presumable 
errors  of  manipulation  can  account  for  so  great  a  divergence.  If  we 
consult  other  analyses,  as  we  find  them  tabulated  in  manuals  like 
those  of  Dana  and  Hinize,  we  shall  find  other  cases  resembling  this, 
and  also  examples  of  variation  in  the  opposite  direction,  with  silica 
low  and  an  apparent  excess  of  bases.  Most  analcite  gives  quit.e 
sharply  the  metasilicate  ratios  required  by  the  accepted  formula; 
but  the  variations  from  it  are  large  enough,  common  enough,  and 
regular  enough  to  command  attention.  The  aualyses  are  not  all 
covered  by  the  recognized  theory,  and  the  apparent  irregularities  are 
not  fortuitous,  but  are  systematic  in  character. 

One  explanation  of  the  seeming  anomalies  is  simple  and  clear.  If 
analcite,  instead  of  being  a  metasilicate,  is  really  a  mixture  of  ortho 
and  trisilicate,  then  all  of  the  analyses  become  intelligible.  In  most 
cases  the  two  salts  are  commingled  in  the  normal  ratio  of  1:1,  but  in 
our  analcite  the  trisilicate  predominates,  while  in  some  other  samples 
the  ortho-salt  is  in  excess.     All  reduce  alike  to  the  simple  expression 

NaAlX.HjO, 

in  which  X  represents  nSi04+mSi308,  a  formula  which  agrees  with 
evidence  from  various  other  sources. 

For  example,  analcite  may  be  derived  in  nature  either  from  albite, 
AlNaSigOg,  or  nephelite,  AlNaSi04,  and  on  the  other  hand  alterations 
of  it  into  feldspars  have  been  observed.  Its  closest  analogue,  leucite, 
has  yielded  pseudomorphs  of  orthoclase  and  elieolite,  while  leucite 
and  analcite  are  mutually  convertible  each  into  the  other.  The  evi- 
dence of  this  character — the  evidence  of  relationship  between  analcite 
and  other  species — is  varied  and  abundant,  and  the  simplest  conclusion 
to  be  drawn  from  it  is  that  which  hai?  been  given.  Every  alteration, 
every  derivation,  every  variation  in  tho  composition  of  analcite  i)oints 
to  the  same  belief.  The  consistency  of  the  data  can  not  well  be 
denied.    * 
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In  the  case  of  a  normal  analcit<? — that  is,  one  which  conforms  to  the 
nsoal  empirical  formula — the  expression  which  best  represent*  these 
relations  is 

Al,Na,  (SiOj^  (SisOs)^.  4H,0; 
and   leucite  is  the  corresponding  potassium  salt,   but  anhydroiLs. 
Structurally  this  is  comparable  with  the  formulie  of  garnet,  zunyite, 
sodalite,  and  noselite,  all  of  which  are  isometric  in  crystallization. 
The  more  important  of  the  symbols  are  as  follows: 

Si04=Ca                  Si04=Na3                     SiO^Naa 
Al Si()4=CH      Al Si04=Na2  Al Si04=Na, 


Si04~Al  Si04=Al  SiO^— Al 

Oamet,  SodcUite,  Noselite. 

Si()4=K2  Si04=Na2 

/        ^Al-Si04-Al       y^        NAl-Si04-^-Al 
Al Si3()g=K2  Al Si308=Na2  +411-0 

\ 

SijOg^Al  SigOg— Al 

Leucite.  Ancddte, 

That  is,  analcite  and  leucite  become  members  of  the  gamet-sodalite 
group  of  minerals,  and  their  relations  to  nephelite,  albite,  etc.,  natural 
and  artificial,  are  perfectly  clear.  In  analcite  there  may  be  admix- 
tures of  strictly  analogous  ortho- or  trisilicate  molecules;  but  these 
remain  to  be  separately  discovered.  The  ammonium  salt  correspond- 
ing to  such  a  mixture,  when  ignited,  might  be  expected  to  give  the 
following  reaction : 

Si04=Am2  SiO, 

y^        ^Al-SigOg-^Al                    y/       ^Al-SiaOg^Al; 
Al 8i()4=:Ani2  -2Am20=Al SiO, 

\ 

SigOg   -Al  SijOg^Al 

a  reaction  which  is  in  harmony  with  our  experimental  results.  In  it 
no  free  silica  appears;  and  manj^  if  not  all,  conditions  of  the  problem 
are  satisfied.  One  difficulty,  however,  stands  in  the  way  of  an  unqual- 
ified acceptance  of  these  formulae.  Garnet,  sodalite,  nephelite,  albite, 
etc.,  are  but  moderately  attacked  by  ammonium  chloride,  and  so  far 
have  yielded  no  definite  ammonium  derivatives.  Whether  this  dif- 
ference in  behavior  is  constitutional  or  not  it  is  hardly  possible  to 
say,  but  it  must  be  taken  into  account  in  connection  with  all  of  the 
other  evidence.     We  must  remember,  moreover,  that  the  formuto 
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are  not  ultimate  verities  to  be  blindly  accepted.  They  are  Bimply 
Oppressions  which  represent  composition  and  a  wide  range  of  estab- 
lished relationships,  and  which  serve  a  distinct  purpose  in  the  correla- 
tion of  our  knowledge.  Properly  used,  with  due  recognition  of  their 
limitations,  they  are  helpful,  and  suggest  possibilities  of  research; 
misused,  they  may  become  mischievous.  They  now  satisfy  most  of 
the  known  conditions,  and  that  is  a  sufficient  warrant  for  their 
existence. 

POLLUCITE. 

On  account  of  the  general  analogy  between  pollucite,  analcite,  and 
leucite,  the  first-named  species  of  the  three  seemed  to  deserve  some 
attention.  Through  the  kindness  of  Prof.  S.  L.  Penfield,  about  10 
grams  of  very  pure  material  from  Hebron,  Me.,  was  put  at  our  dis- 
I>08al,  and  three  analyses  of  it  by  Wells  were  already  on  record. « 
The  average  of  these  analyses  is  as  follows: 

SiO,--.- 43.53 

AljOj 16.37 

CaO 22 

Ka,0.  - 1.81 

K,0 ^ 49 

LijO 04 

CsjO... 36.08 

H,0 1.52 

100.06 

Five  grams  of  the  finely  powdered  mineral  was  heated  in  a  sealed  tube 
with  four  times  its  weight  of  ammonium  chloride  to  350°  during  forty 
hours.  Upon  leaching  with  water  0.14  per  cent  of  CaO,  1.28  of 
NajO,  and  12.30  of  CsjO  were  extracted.  Pi*obably  the  calcium 
chloride  formed  contained  some  potassium  chloride,  but  that  point 
was  ignored  as  irrelevant.  The  air-dried  residue  had  the  following 
composition : 

SiO, 49.21 

AljOj 18.32 

CaO - none 

Cb,0(K,0) 28.84 

Na,0 - none 

NHj 2.52 

H,0 1.91 

100.80 

The  high  summation  here  is  due  to  reckoning  some  KCl  as  CsCl. 
Of  the  silica  in  this  product  2.3G  per  cent  was  soluble  in  the  standard 
solution  of  sodium  carbonate.  After  ignition,  4.13  per  cent  was 
soluble.     Some  silica,  therefore,  was  split  off  by  heating. 

a  Am.  Jour.  Sci.,  3d  aeries.  Vol.  XLl,  p.  213, 1891. 
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In  a  second  experiment  one  gram  of  poUucite  was  heated  with 
ammonium  chloride  for  five  hours,  the  other  conditions  being  the 
same  as  l)efore.  Upon  leaching,  11.55  per  cent  of  CsjO  was  extracted, 
and  a  partial  analysis  of  the  air-dried  residue  gave  the  following  data: 

SiO, 47.87 

A1,0,-. 17.85 

NH, 2.83 

H,0-- - 1.55 

Alkalies  (hy  difference) 29.90 

100.00 

llie  two  products  were  evidently  the  same,  and  only  about  one- 
third  of  the  alkalies  in  the  poUucite  had  been  extracted.  So,  also, 
the  ammonia  taken  up  was  only  about  one-third  of  that  which  was 
retained  by  analcite  and  leucite.  The  transformation,  then,  is 
merely  partial,  and  further  experimentation  seems  to  be  unnecessary, 
at  least  for  present  purposes.  The  analogy  with  analcite  and  leucite 
is  far  from  perfect. 

NATROLITE. 

In  a  preliminary  experiment  upon  an  impure,  yellowish  natrolite 
from  Aussig  in  Bohemia,  we  found  that  this  species  was  peculiarly 
well  suited  to  reaction  with  ammonium  chloride.  By  heating  with 
the  reagent  in  a  sealed  tube  and  subsequent  leaching  with  water, 
17.56  per  cent  of  bases  was  extracted,  and  in  the  residue  8.29  per 
cent  of  ammonia  was  found.  Careful  work  ui)on  this  species  was 
therefore  desirable. 

The  material  available  for  our  experiments  came  from  the  well- 
known  locality  at  Bergen  Hill,  N.  J.,  and  consisted  of  a  mass  of 
slender  needles  densely  matted  together.  Part  of  the  uniform, 
ground  sample  was  analyzed,  with  fractional  determinations  of  the 
water,  and  part  was  used  for  the  sealed  tube  experiments,  precisely 
as  in  the  research  upon  analcit.o  and  leucite.  Three  of  these  experi- 
ments were  made,  and  in  each  case  the  natrolite  was  mixed  by  grind- 
ing in  an  agate  mortar  with  four  times  its  weight  of  dry  ammonium 
chloride,  after  which  it  was  heated  to  350°  in  the  sealed  tube.  Even 
during  the  grinding  a  slight  reaction  took  place,  and  a  distinct  smell 
of  ammonia  was  given  off  by  the  mixture.  With  i>ectolite  the  same 
smell  was  perceived.  The  three  experiments  may  be  summarized  as 
follows : 

A.  Heated  eleven  hours.  Upon  leaching.  14.89  per  cent  of  soda  and  1.20  of 
lime  were  extracted.    In  the  residue  9.26  per  cent  of  ammonia  was  found. 

B.  Heated  nine  hours.  Leach  not  examined.  9.26  of  ammonia  in  residue. 
The  complete  analysis  of  the  residue  is  given  farther  on. 

C.  Heated  three  hours.  14.09  -per  cent  of  soda  and  0.20  of  lime  were  extracted. 
The  residue  contained  8.87  per  cent  of  ammonia.    In  this  instance  the  heating 
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was  relatively  brief,  in  order  to  learn  whether  its  duration  could  be  advanta- 
geonsly  lessened.  The  reaction  was  evidently  less  complete  than  in  experiments 
AandB. 

In  the  subjoined  table  we  give  first  the  analysis  of  the  natrolite  itself, 
and  then  that  of  the  leached  residue  from  experiment  B.  In  the  latter 
we  found  that  0.86  per  cent  of  silica  was  soluble  in  sodium  carbonate 
solution,  and  that  soda  and  lime  remained  corresponding  to  4.61  per 
cent  of  theoriginal  mineral.  Deducting  these  impurities,  together  with 
the  0.42  i>er  cent  of  hygroscopic  water,  and  recalculating  to  100  per 
cent,  we  get  the  reduced  composition  of  the  residue.  In  the  last 
column  is  given  the  calculated  composition  of  an  anhydrous  ammonium- 
natrolite,  (NH4)2Al2Si30io.  This  compound  has  evidently  been  formed 
to  an  extent  represented  by  over  94  per  cent  of  the  leached  natrolite 
i-esidue.  The  agreement  between  theory  and  even  the  unreduced 
analysis  is  practically  conclusive  on  this  point. 


Natrolite 
found. 


SiO, - 46.62 

AljO, -. 26.04 

CaO - •  1.48 

K,0 none 

Na,0 - 15.67 

NH, -  . 

HjOat  100 -  .39 

H,0  above  10(r  ,  - 1  10.18 

100.38 


1                   1 

Residae        Residue 
,     found.     1    reduced. 

(NH4),A1, 

1 

53.71 

29.94 

'           .34 

53.86 
30.52 

54.06 
30.43 

.37 

9.26 

9.85 

10.14 

.42 
5.94 

99.98 


0. 77 
100.00 


5. 37 
100.00 


The  fractional  water  determinations  will  be  given  later,  in  connec- 
tion with  similar  data  for  scolecite  (p.  25). 

It  may  not  be  superfluous  to  note  that  the  water  given  in  the  last 
two  columns  of  the  foregoing  table  represents  the  difference  between 
ammonia  and  the  hypothetical  ammonium  oxide  which  has  replaced 
soda. 

Two  other  experiments  upon  natrolite  remain  to  be  noticed.  First, 
the  fresh  mineral  was  boiled  for  fifteen  minutes  with  a  25  per  cent 
sodium  carbonate  solution;  0.72  per  cent  of  silica  dissolved.  Similar 
treatment  of  ignited  natrolite  took  out  0.62  per  cent.  No  silica  is 
split  off  by  ignition.  Ammonium  natrolite  before  ignition  yielded 
0.85  per  cent  of  soluble  silica,  and  after  ignition  0.86  per  cent.  Here 
again  no  silica  had  been  split  off  from  the  molecule,  and  practically 
none  was  liberated  by  the  action  of  the  ammonium  chloride  upon  the 
natrolite.  A  simple,  direct  substitution  of  ammonium  for  sodium 
had  occurred. 
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Heated  with  ainmonium  chloride  in  an  open  crucible,  natrolit^  gives 
only  a  partial  reaction.  This  is  shown  by  the  earlier  experiments  of 
Schneider  and  Clarke  upon  natrolite  from  Magnet  Cove,  Arkansas, 
from  which,  by  a  triple  heating  with  the  reagent,  only  9.50  i>er  cent 
of  soda  was  extracknl  out  of  a  total  of  15.40. 

8COLECITE. 

On  account  of  the  well- recognized  analogy  l>etween  natrolite  and 
scolecite,  the  latter  mineral  seemed  to  be  peculiarly  worthy  of  exami- 
nation. The  specimen  at  our  disposal  was  a  mass  of  stout,  radiating 
needles,  which  was  collected  l>y  one  of  us  at  Whale  Cove,  on  the  island 
of  Grand  Manan,  New  Brunswick.  Scolecite,  we  l^elieve,  has  not 
hitherto  been  recorded  from  this  locality,  and  on  this  account  alone 
the  material  deserved  attention. 

Three  sealed  tube  experiments  were  carried  out,  essentially  as  in 
the  case  of  natrolite,  as  follows : 

A.  Heated  ten  hours  at  3r>0\  13.74  per  cent  of  lime  and  0.3.5  of  soda  were  taken 
out.    The  residue  contained  8.78  per  cent  of  ammonia. 

B.  Heated  ten  hours  at  370  .  12.97  of  lime  and  0.22  of  soda  were  extracted. 
8.48  i)er  cent  of  ammonia  in  the  residue.  On  account  of  the  excessive  temperature 
of  this  experiment,  some  reversion  of  the  converted  material  had  taken  plac^. 

C.  Heated  five  hours  at  340-350"^ .  Leach  not  studied.  8.91  per  cent  of  ammonia 
in  residue. 

Analyses  of  the  scolecite  and  of  residues  B  and  C  are  given  below. 
The  less  perfect  transformation  in  the  ease  of  B  is  evident. 


S<"olecite. 


SiO,-. 

AlA 
CaO 
Na,0. 
NH,.. 


H^Oat  100  --.- 
H,0  alKJve  100 


45. 80) 

25. 78 

13.92 

.41 


.40 
13.65 

100.02 


Residue  B. 

53.39 

30. 51 

.62 

undet. 

8.48 

.74 

6.28 

100.02 


Residue  C. 


53.69 

30.50 

.42 

.29 

8.91 

.12 

6.52 

100.45 


1 


The  product  of  the  reaction  is  plainly  the  same  as  that  obtaine<l 
from  natrolite,  and  the  identity  in  type  of  the  two  species  is  pei-fectly 
clear.  This  fact  is  further  emphasized  by  an  experiment  upon  the 
solubility  of  silica.  The  fresh  scolecite  gave  up  0.36  per  cent  of  silica 
to  sodium  carbonate  solution,  and  the  ignit^nl  mineral  yielded  only 
0.50  per  cent.     Again,  natrolite  and  scolecite  behave  in  the  same  way. 

Upon  both  minerals  fraf^tional  determinations  of  the  wat^r  were 
made,  and  the  amount  lost  at  each  temperature  was  noted.     The 
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results,  expressed  in  percentages  of  the  original  minerals,  were  as 
follows: 


Texni)eratiire. 


Water  lost. 
Natrollte.  Scolecite. 


100" 

180° 

250" 

350".-. 

Incipient  redness 

Full  redness 

Over  blast 


0.39 
.40 
.37 

8.51 
.72 
.12 
.06 

10.57 


0.40 
.52 

4.76 
.55 

7.72 
.04 
.06 

14.05 


Scolecite  contains  one  more  molecule  of  water  than  natrolite,  and 
that  amount,  one-third  of  its  total,  seems  to  go  off  at  a  lower  temper- 
ature than  the  other  two  molecules.  Otherwise  the  two  series  of  ex- 
periments are  probably  not  far  apart,  and  they  indicate  that  the  wat^r 
is  in  neither  case  constitutional.  The  same  conclusion  is  suggested 
by  the  existence  of  the  anhydrous  ammonium  compound,  the  three 
formula  being  as  follows: 

Scolecite CaAljSiAo.  3H,0 

Natrolite Na^ AljSisO,o.  2H,0 

Anmionium  natrolite {NH4)2Al2Si30,o 

The  parallelism  is  complete;  and  all  three  compounds  are  evidently 
salts  of  an  acid,  HgSigOjo,  which  is  probably  orthotrisilicic  acid, 
Si302(OII)8.  The  relations  of  this  acid  to  its  anhydrides  will  be  con- 
sidered later. 

PREHNITE. 

In  a  former  bulletin  upon  the  constitution  of  the  silicates, "  one  of 
us  attempted  to  show  that  natrolite,  scolecite,  and  prehnik^  were 
similar  in  chemical  structure,  provided  that  all  or  part  of  tlioir  water 
was  regarded  as  constitutional.  The  formula?  then  assigne<l  were  as 
follows : 

Scolecite. --  Al,(Si04)8CaH,.  H^O 

Natrolite AlalSiQ^isNajH, 

Prehnite Alj(Si04)8Ca,H3 

Two  of  these  formulsB  must  now  be  abandoned,  because  of  the  exper- 
imental evidence  which  we  have  obtained,  but  the  prehnite  remains 
to  be  considered. 

«  Clarke,  F.  W.,  Bull.  U.  S.  Geol.  Survey  No.  135,  p.  4.5,1885. 
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The  material  chosen  for  examination  was  an  old  specimen  of  preh- 
nite  from  Paterson,  N.  J.  The  analysis  of  it,  with  fractional  water 
determinations,  is  given  below : 

SiO,..:..- - 42.81 

AljO, - 19.95 

Fe,0, 6.20 

FeO -  -  . .  - -  none 

CaO - - 26.63 

H,0..       -  - 5.02 

100.11 
Fractional  water. 

At  100" - 0.21 

At  180" 18 

At  250" - 10 

At  850" - 11 

Incipient  red  heat 28 

Fall  red  heat 4.05 

Overhlast 09 

5.02 

With  8odinm  carbonate  sulution,  0.38  per  cent  of  silica  was  ex- 
tracted from  the  fresh  mineral.  From  the  ignited  prehnite,  1.22  per 
cent  was  taken  out.  Very  little  silica,  therefore,  is  liberated  by  ignition. 

Two  determinations  were  made  of  the  action  of  ammonium  chloride, 
as  follows: 

A.  Heated  eight  hours.  On  leaching  with  water,  1.31  -per  cent  of  lime  and  0.17 
of  almnina  dissolved. 

B.  Heated  twelve  hours.  1 .41  -per  cent  of  lime  was  extracted,  and  in  the  washed 
residue  0.22  per  cent  of  ammonia  was  found. 

Prehnite,  therefore,  differs  widely  from  natrolite  and  scolecite  in 
its  behavior  with  ammonium  chloride.  Very  little  action  takes  place, 
even  upon  long  heating  to  350°  in  a  sealed  tube,  and  practically  no 
ammonia  is  absorbed.  The  water  is  more  firmly  held  than  was  the 
case  with  the  other  two  minerals,  and  is  almost  certainly  to  be  regarded 
as  constitutional.  The  orthosilicate  formula  for  prehnite  is  unaf- 
fected by  these  results,  and  may  stand  as  fairly  probable.  Prehnite 
can  not  be  correlated  with  natrolite  and  scolecite  on  any  basis  of 
similar  chemical  structure. 


THE  TRISILICIC  ACIDS. 

We  have  already  shown  that  natrolite  and  scolecite  are  probably 
salts  of  an  orthotrisilicic  acid,  HgSaOio,  an  acid  which  is  not  particu- 
larly well  known.  As  it  has  interesting  relations  to  other  compounds, 
some  discussion  of  its  constitution  and  its  derivatives  may  not  be  out 
of  place  here. 

The  general  theory  of  the  silicic  acids  is  extremely  simple.  Silicon 
being  a  quadrivalent  element,  its  normal  acid,  the  orthosilicic,  is 
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Si(0n)4.     From  this,  by  successively  eliminating  two  molecules  of 
water,  two  anhydrides  may  be  derived,  thus: 

Orthoeilicic  acid Si(OH)4 

First  anhydride,  metasilicic  acid O-^Si-^(OH), 

Second  anhydride,  silicon  dioxide 0=Si=0 

These  acids,  containing  one  atom  of  silicon  each,  may  be  called  the 
monosilicic  acids,  and  some  of  their  salts  are  perfectly  well  known. 
Olivine  and  anorthite,  for  instance,  are  orthosilicates,  while  the  true 
metasilicates  are  represented  by  talc  and  pectolite.  The  evidence  in 
the  case  of  the  last-named  mineral  will  be  presented  later. 

When  two  molecules  of  orthosiliclc  acid  coalesce,  with  elimination 
of  water,  an  orthodisilicic  acid  is  formed,  and  this  is  the  first  member 
of  another  series,  as  follows: 

Si=(OH),  Si^(OH)s  0=Si-OH 


Si=(OH),  0=Si-OH  0=Si-OH 

Orthodisilicic  acid.  Metadisilicic  acid,  Pyrosilicic  a4Hd. 

To  the  first  and  third  of  these  acids  various  minerals  correspond. 
The  second  acid,  however,  is  a  polymer  of  metasilicic  acid,  but  differs 
from  the  latter  in  its  i)ossible  derivatives.  When  an  acid  metasilicate 
is  heated  silica  is  set  free,  but  in  the  case  of  a  metadisilicate  this 
would  not  necessarily  occur.  Possibly  leucite  and  analcite  may  be 
metadisilicates,  although  the  evidence  so  far  presented  does  not  sup- 
I)ort  this  view.  The  possibility,  however,  we  are  compelled  to  recog- 
nize as  one  which  might  ultimately  be  verified. 

With  the  coalescence  of  three  orthosiliclc  molecules  a  series  of  trisi- 
licic  acids  begins,  and  one  of  these  forms  salts — the  feldspars — which 
are  the  most  abundant  compounds  existing  in  the  mineral  kingdom. 
The  acids  of  the  series  are  these: 

Si=(OH)s  Si={OH),  Si=(OH),  0=Si-OH 

O 


Si=(OH),  Si=0  Si=0  Si=0 

I 

O 


8i^(0H)s  Si=(OH),  0=Si-OH  0=Si-OH 

Orthotrisilicic  acid,     Metatrisilicic  acid.      Triailicic  add.      Third  anhydride. 
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The  third  anhydride  represents  an  acid  to  which  no  known  salts 
correspond.  One  step  further  and  we  have  a  fourth  anhydride,  Si30g, 
or  empirically  Si02,  which  may  or  may  not  be  the  true  formula  of 
quartz.  Quartz  is  undoubtedly  a  polymer  of  SiOg;  its  most  frequent 
associates  are  trisilicates — the  feldspars — and  hence  the  formula  Si^O^ 
has  a  certain  degree  of  plausibility.  This  suggestion,  however,  is 
purely  speculative  and  has  no  definite  scientific  value.  Its  validity 
would  be  most  difiicult  to  establish. 

From  the  first  of  these  trisilicic  acids  natrolite  and  scolecite  appear 
to  be  derived.  If  we  ignore  the  **zeolitic  water,"  which  is  not  a  part 
of  the  essential  silicate  molecule,  the  two  compounds  may  be  formu- 
lated thus: 

Si--08^A1  Si=0,^Al 


i  i 
1 
i 


Si  =  08=Na,  Si-^0,  =  Ca 


O 

Si^03  =  Al  Si  =  08=Al 

Natrolite.  Scolecite. 

So  far,  no  other  salts  of  this  acid  have  been  clearly  identified. 

The  second  acid  of  the  series,  like  the  second  of  the  disilicic  acids, 
is  a  polymer  of  the  ordinary  metasilicic  compound.  It  is  well  under- 
stood that  many  so-ciiUed  metasilicates  are  not  representatives  of  the 
simple  acid  HgSiOg;  some  of  them  are  mixtures  of  orthosilicates  with 
salts  of  the  third  acid  in  this  group,  H4  SigOg;  others  may  be  derived 
from  polymers  like  that  which  is  now  imder  consideration.  For 
example,  anhydrous  aualcite  and  jadeite  are  both  represented  by  the 
empirical  formula  NaAlSijOg,  but  they  differ  widely  in  density,  in 
solubility,  and  doubtless  also  in  crystalline  form.  One  molecule, 
then,  is  much  moi^e  condensed  than  the  other.  If  analcite  should 
prove  to  l>e  a  raetadisilicate,  then  jadeite  may  be  its  equivalent  in  the 
trisilicic  series,  or  it  may  bekmg  with  some  still  higher  polymer.  The 
possibilities  are  many,  but  to  establish  any  one  of  them  by  proof 
would  demand  more  evidence  than  is  yet  in  our  possession. 

The  third  member  of  the  trisilicic  series  is  the  most  important  of 
all,  for  among  its  salts  are  the  two  feldspars,  albite  and  orthoclase, 
which  together  make  up  fully  one-half  of  the  solid  crust  of  the  earth. 
It  is  also  noteworthy  from  the  fact  that  its  formula  can  be  so  written 


Digitized  by 


Google 


'^CT^oii^'''']  8TILBITE.  29 

as  to  represent  two  isomeric  forms,  to  which  distinct  salts  probably 
correspond.     The  two  formulae  are  as  follows: 

Si:H(OH)3  O     Si— OH 


i 


i 


=0  and  Si      (OH), 

O 


i 


0-=^Si— OH  O-Si— OH; 

and  their  significance  is  clear  when  we  remember  that  the  ordinary 
trisilicates  are  commonly  dimorphous.  Thus  we  have  orthoclase  and 
soda  orthoclase,  raonoclinic;  and  albite  and  microcline  triclinic;  one 
pair  perhaps  belonging  to  one  isomer,  the  other  to  the  other.  The 
rare  minerals  eudidymite  and  epididymite,  which  are  also  isomeric 
trisilicates,  further  illustrate  the  same  conception ;  but  we  can  not  as 
yet  assign  either  compound  distinctly  to  either  formula. 

By  an  extension  of  the  pi^ocess  herein  developed,  which  is  by  no 
means  new,  higher  polysilicic  series  may  be  formulated.  Since,  how- 
ever, such  acids  correspond  to  no  definitely  known  salts,  to  write  their 
formulae  would  be  a  useless  exercise  of  the  imagination.  Beyond  the 
trisilicic  acids  we  enter  the  region  of  the  unknown. 

STILBITE. 

The  specimen  selected  for  study  was  a  nearly  white,  typical  exam- 
ple from  Wassons  Bluff,  Nova  Scotia.  The  analysis  and  the  fractional 
water  determinations  were  as  follows: 

SiOj 55.41 

AljOs .-   16.85 

Fe,Os 18 

MgO 05 

CaO 7.78 

Na,0 1.23 

H,0 19.01 

100.51 
FractioncU  toater. 

At  100  -   -- 3.60 

At  180  6.46 

At  250' 3.80 

At  350° 2.10 

Low  redness 2.95 

Full  redness 06 

Over  blast 04 

19.01 
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On  boiling  with  sodium  carbonate,  1.37  per  cent  of  silica  went  into 
solution.  After  ignition,  only  1.03  per  cent  was  obtained.  No  silica, 
therefore,  is  split  off  when  stilbite  is  ignited.  If  the  mineral  were  a 
hydrous  acid  metasilicate,  H4CaAl2Si^O,8.4H20,  as 'has  been  assumed 
by  some  authorities,  one-third  of  the  silica  should  have  been  set  free. 
Hence  the  metasilicate  formula  is  to  be  regarded  as  unsatisfactory. 
The  evidence  here  presented  counts  for  something  against  it. 

Two  samples  of  the  ammonium  chloride  derivative  were  prepared. 
In  leaching  with  water  the  insoluble  residue  was  washed  until  the  wash- 
ings gave  no  reaction  for  chlorine.  The  chlorine  shown  in  the  sub- 
joined analyses  is,  therefore,  present  in  an  insoluble  form  and  not  as 
adhering  ammonium  chloride.  Dried  at  50°  the  two  products  gave 
the  following  composition: 


SiO,  .. 

Al,05 

CaO     . 

Na,0.. 

NH,... 

HjO... 

CI 

LessO 


A. 

B. 

60.80 
18.36 

1.86 
.08 

5.12 
12.96 

1.81 

60.67 

18.25 

1.46 

,15 

5.13 

18.91 

1.04 

100.40 
.29 

100.61 
,23 

100.20 

100.38 

Sample  B  was  further  examined  as  to  the  presence  of  soluble  nilica, 
and  1.52  per  cent  was  found.  After  ignition,  only  1.62  per  c^nt  went 
into  solution.  These  results  conform  to  those  obtained  with  the  orig- 
inal stilbite,  and  tend  to  show  that  the  ammonium  derivative  is  a  com- 
pound of  the  same  order.  In  the  case  of  the  unignit-ed  substance  the 
residue  remaining  after  the  removal  of  soluble  silica  was  thoroughly 
washed;  and  then  examined  for  alkali.  It  was  found  to  contain  9.30 
per  cent  of  soda,  which  shows  that  the  ammonium  salt  had  been  trans- 
formed back  into  the  corresponding  sodium  compound. 

From  the  foregoing  facts  it  is  clear  that  stilbite,  like  the  zeolites 
previously  studied,  is  converted  by  the  action  of  ammonium  chloride 
into  an  ammonium  salt.  That  is,  sodium  and  calcium  are  removed 
as  chlorides,  ammonium  taking  their  place  to  form  ammonium  stilbite. 
The  reaction,  however,  is  less  complete  than  it  was  in  the  cases  of 
analcite  and  natrolite,  but  whether  this  is  due  to  a  greater  stability  of 
the  stilbite  molecule  or  only  to  a  different  degree  of  fineness  in  the 
powder  upon  which  the  operations  were  performed,  we  can  not  say. 
Neither  have  we  any  explanation  to  offer  of  the  retention  of  chlorine 
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by  the  ammonium  derivative.  Although  the  amount  of  chlorine  is 
small,  it  needs  to  be  accounted  for. 

If  we  discuss  the  composition  of  the  stilbite  and  of  its  ammonium 
derivative,  the  relations  between  them  become  very  clear.  Neglect- 
ing the  water  as  "zeolitic,"  to  use  Friedel's  phrase,  and,  therefore, 
as  not  a  part  of  the  chemical  molecule,  and  also  rejecting  the  1.37  per 
cent  of  soluble  silica  as  probably  an  impurity,  the  ratios  derived  from 
the  analysis  give  this  empirical  formula  for  the  mineral: 

Na4oCai4oAl332Si90iOj4gQ. 

This  corresponds  to  a  mixture  of  ortho-  and  trisilicates  in  which 
81309:8104::  286: 43;  and  uniting  these  radicles  under  the  indiscrimi- 
nate symbol  X,  we  have,  as  a  more  general  expression, 

N  a4yCai4o  Al3g2X32^ ; 
or  combining  monoxide  bases, 

^    160-^1332  ^8291 

which  is  essentially  R'^VlgXa-  8ince  the  Si04  groups  are  practically 
equal  in  number  to  the  sodium  atoms,  the  stilbite  is  probably  a  mix- 
ture, very  nearly,  of  NaAlSiO^  and  CaAljCSigOg),  in  the  ratio  of  1:7 
This  is  in  accordance  with  the  well-known  theory  of  Fresenius  as  to  the 
constitution  of  the  phillipsit<3  group,  to  which  stilbite  belongs.  8tilbite 
is  mainly  a  hydrous  calcium  albite,  commingled  with  varying  amounts 
of  corresponding  orthosilicates  of  soda  and  lime. 

For  the  ammonium  derivative  similar  relations  hold.  Taking  analy- 
sis "B"  for  discussion,  rejecting  soluble  silica  and  chlorine  as  impu- 
rities, and  neglecting  all  water  except  that  which  belongs  to  the  sup- 
posable  ammonium  oxide,  the  ratios  give  this  formula:  ' 

Uniting  sodium  and  calcium  with  ammonium,  this  becomes 
^'357^^^358(^^3^8)814(8104)43; 
or,  more  generally, 

^  357-^^358 ^357>  =1:1:1. 

The  derivative,  therefore,  is  a  compound  of  the  same  order  as  the 
original  stilbite,  with  the  ratio  of  1 :  7  still  holding  l>etween  the  ortho 
and  trisilicate  groups.  This  conclusion,  however,  ignores  the  pres- 
ence of  chlorine,  and  is,  therefore,  inexact  to  some  extent.  We  are 
not  dealing  with  ideally  pure  compounds. 

HEULANDITE. 

Pure,  white  heulandite  from  Berufiord,  Iceland,  was  the  material 
taken  for  investigation.  Upon  boiling  with  sodium  carbonate,  1.73 
per  cent  of  silica  went  into  solution.  From  previously  ignited  heu- 
landite, only  1.14  per  cent  was  extracted.  No  silica,  therefore,  was 
liberated  upon  ignition,  and  a  hydrous  metasilicate  formula  for  the 
mineral  seems  to  be  improbable.     Only  one  lot  of  the  ammonium 
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chloride  derivative  was  prepared,  and  it*i  composition,  together  with 
that  of  the  heulandite,  is  given  below. 


Henlandite. 


SiO, 

AlA 

MgO .    . 

CaO 

SrO   --- 

Na,0 _   -- 

K,0 -. 

NH3    

HaOatlOO'  .-- 
HjO  above  100° 


1.25 
.42 


3.61 
13.00 

99.68 


Amznoiiiuni 
salt. 


57.10 

61.24 

16.82 

18.00 

.07 

6.95 

2.56 

.46 

.60 

4.42 
13.63 

100.45 


Here,  again,  we  have  the  same  kind  of  transformation  as  before, 
but  rather  less  complete  than  in  the  case  of  stilbite.  That  the  ammo- 
nium taken  up  is  equivalent  to  the  bases  removed  is  shown  by  a  study 
of  the  ratios.  Ignoring  water  and  the  soluble  silica,  the  heulandite 
ratios. are  as  follows: 

^  48^    130-^^330^^923^2495) 

or,  uniting  bases, 

^    154Al33o(Si308)3oo(Si04)24. 

Again  simplifying,  this  becomes 

^  154AI330X324, 
or  ver}^  nearly  1:2:2,  as  in  stilbite. 
Similarly  discussed,  the  ammonium  salt  gives  the  ratios 

R  270^^46 '^W^h021^2746» 

equivalent  to 

K  862'^*352'^358»  ^^  1:1:1. 

In  both  cases  the  orthosilicate  molecules  are  few,  and  the  com- 
pounds approximate  to  trisilicates  very  closely. 

CHABAZITE. 

Characteristic  flesh-colored  crystals  from  Wassons  Bluff,  Nova 
Scotia.     The  analysis  and  fractional  water  determinations  are — 

SiO, - „ , 50.78 

Al,Os ---     - -     17.18 

Fe^Oj - - - ; 40 

MgO -- 04 

CaO..-- -- _ 7.84 

Na^O :  1.28 

K2O 73 

H,0 21.85 

100.10 
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Fractional  water, 

AtlOO° .- -.  5.22 

At  180' - - - 5.70 

At  250'' - 3.92 

At  850° - 2.36 

Low  redness. 4. 51 

Full  redness .13       v 

Over  blast ..- .01 

21.85 

The  unignited  mineral,  upon  boiling  with  sodium  carbonate,  gave 
0.86  per  cent  of  soluble  silica.  After  ignition  only  0.53  per  cent  was 
soluble.  Here  again  no  silica  is  liberated  by  calcination,  and  metasili- 
cate  formulae  may  be  disregarded. 

Two  samples  of  the  ammonium  chloride  derivative  were  prepared, 
which  after  thorough  washing  were  dried  at  40°  to  50°.  As  in  the 
case  of  stilbite,  small  quantities  of  chlorine  appear  in  the  compound, 
not  removable  by  washing.  The  amount  of  change  effected  is  also 
somewhat  less  than  with  stilbite,  and  about  the  same  as  with  heuland- 
ite.  The  analyses  of  the  two  samples  are  subjoined,  with  the  remain- 
ing alkali  all  reckoned  as  soda: 


SiO, 

A1,0,  ..... 

CaO 

Na,0{K,0) 

NH, 

H,0 

a 

LessO 


A. 

B. 

55.88 

56.09 

19.15 

19.49 

2.25 

2.01 

.35 

.24 

4.64 

4.83 

16.57 

16.01 

.95 

1.35 

99.79 

100.02 

.21 

.80 

99.58 

99.72 

In  B,  1.50  per  cent  of  soluble  silica  was  found.  After  ignition  this 
was  reduced  to  1.12  per  cent.  No  liberation  of  silica  accompanies  the 
splitting  off  of  water  and  ammonia. 

Upon  studying  the  molecular  ratios  for  chabazite  and  its  derivative, 
relations  appear  precisely  like  those  found  for  stilbite  and  heulandite. 
For  chabazite  itself,  rejecting  water  and  the  0.86  per  cent  of  soluble 
silica,  we  have 

or,  consolidating  soda  with  lime, 

Cai7oAl84o(Si308)24«(Si04)94. 

9506— No.  :^07— 02 3    • 
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One  step  further  and  this  becomes 

Caj7QAl840X84o=l :  L :  2. 
Treating  derivative  "B  "  in  the  same  way,  and  ignoring  chlorine  as 
an  unexplained  impurity,  the  analysis  gives 

(NH,)284Na^Ca35Al382(Si308)3e,(Si04)H2; 
or,  consolidating  bases  as  before, 

R'862Al882X378=l-l:l  ucarly. 
The  assumption  of  commingled  ortho-  and  trisilicate  molecules  con- 
forms to  Streng's  theory  of  the  constitution  of  chabazite. 


THOMSONITB. 

The  compact-fibrous  variety  from  Table  Mountain,  near  Golden, 
Colo.     Analytical  data  as  follows: 

SiO, - -. 41.13 

A1,0, 29.58 

CaO 11.25 

Na,0 - 5.31 

H,0 13.13 

100.40 
Fractional  tcater. 

At  100' - 1.01 

AtlSO*" - 1.44 

At  250° 1-05 

At350''-..- - -  3.90 

Low  redness 5. 65 

Over  blast -  .08 

13.13 

Before  ignition  the  mineral  yielded  0.45  per  cent  of  silica  to  sodium 
carbonate  solution.  After  ignition  0.68  per  cent  was  soluble.  The 
difference  is  trifling. 

Two  samples  of  the  ammonium  chloride  derivative  were  prepared. 
In  A  the  heating  was  only  to  300°,  in  B  to  350°.  Analyses  of  the 
leached  products  gave  the  following  results: 


SiO, 
A1,0, 
CaO  . 
Na,0 
NH,  . 
H,0. 


42.65 

31.34 

0.23 

2.48 

2.67 

11.81 


100.18 
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In  A,  1.80  per  cent  of  soluble  silica  was  found. 

In  this  ease  the  amount  of  change  is  very  much  less  than  with  the 
zeolites  previously  examined.  Little  lime  was  removed,  and  only 
about  half  of  the  soda.  Both  samples  were  prepared  with  six  hours 
of  heating  in  the  sealed  tube,  and  it  seemed  to  be  desirable  to  deter- 
mine whether  a  more  prolonged  treatment  would  produce  any  greater 
effect.  Accordingly  a  third  lot  of  thomsonite  was  mixed  with  ammo- 
nium chloride  and  heated  in  a  sealed  tube  to  350^  for  twenty-four 
hours.  The  leached  product  contained  3.40  per  cent  of  ammonia,  a 
distinct  increase  over  the  other  findings,  although  the  amount  of  trans- 
formation intx)  an  ammonium  salt  was  still  only  moderate. 

We  have  already  seen  that  stilbite,  heulandite,  and  chabazite 
approximate  more  or  less  nearly  to  trisilicates  in  their  composition. 
Thomsonite,  however,  is  essentially  an  orthosilicate,  with  variable 
admixtures  of  trisilicate  molecules.  In  the  example  under  considera- 
tion, ignoring  water  and  soluble  silica,  the  molecular  ratios  give  this 
formula: 

Na,„Ca2oiAl58o(Si308)5o(Si04)5a8; 
or,  condensing, 

^^"287-^^580X578=  1:2:2. 

Ilei-e  the  acid  radicles  are  ten-elevenths  orthosilicate.  Ammonium 
derivative  A,  similarly  computed,  gives  first — 

(NII,)„,Nas,Ca,„Al«,(Si30,)„(SiO,)«,; 

or,  uniting  univalent  bases  with  lime, 

^    292-^*598^595=1    '2  :  2; 

the  fundamental  ratios  being  practically  unchanged. 

It  will  be  observed  that  in  all  of  these  computations  of  formulfe  we 
have  assumed  that  all  the  water  is  "zeolitic;"  that  is,  independent 
of  the  true  chemical  molecules.  This  question,  however,  needs  to  be 
separately  investigated  for  each  individual  species.  While  the 
assumption  is  valid  for  some  of  these  minerals,  it  is  not  necessarily 
valid  for  all.  The  real  chemical  differences  between  the  zeolites  are 
yet  to  be  determined;  our  work  merely  proves  that  ammonium  com- 
pounds are  formed,  completely  in  some  cases,  partially  in  others. 
The  research  should  be  extended  to  cover  all  the  zeolites;  but  this 
task  we  must  leave  to  other  investigators. 

LAUMONTITB. 

Upon  this  species  only  one  rather  crude  experiment  has  been  tried, 
and  that  upon  material  of  unknown  origin.  The  mineral  was  heated 
with  ammonium  chloride  in  a  sealed  tube  as  usual,  and  then  leached 
with  water.  4.51  per  cent  of  lime  and  0.35  of  soda  were  extracted, 
and  in  the  residue  3.95  per  cent  of  ammonia  was  found.  Laumontite, 
therefore,  behaves  much  like  the  other  zeolites,  and  is  only  partially 
transformed  into  an  ammonium  compound. 
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PECTOLITE. 

The  pectolite  which  was  chosen  for  examination  was  the  well-known 
radiated  variety  from  Bergen  Hill,  N.  J.  The  mineral  was  in  long 
white  needles,  and  apparently  quite  pure,  but  the  analysis  shows 
that  it  contained  some  carbonate  as  an  impurity.  Enough  of  the 
material  was  ground  up  to  furnish  a  uniform  sample  for  the  entire 
series  of  experiments,  and  the  work  properly  began  with  a  complete 
analysis.     The  results  obtained  are  as  follows: 

SiO, 53.84 

Al^Os 33 

CaO 33.28 

MnO 46 

Na,0 9.11 

H,0- 2.97 

CO, 67 

100.10 
Fractional  water. 

At  105° 0.27 

At  180" 16 

At  300° 22 

At  redness 2.32 

2.97 
All  of  the  water  was  given  off  at  a  barely  visible  red  heat,  and  the 
figures  show  that  practically  all  of  it  is  constitutional — a  fact  which 
perhaps  hardly  needed  reverification.   The  analysis  gives  the  accepted 
formula  for  pectolite, 

HNaCajSisOj. 
Does  this  represent,  as  is  commonly  assumed,  a  true  metasilicate? 
If  it  does,  we  should  expect  that  ignition  would  split  off  silica  pro- 
portional to  the  acid  hydrogen,  or  one-sixth  of  the  total  amount.  To 
answer  this  question  several  portions  of  the  pectolite  were  sharply 
ignited,  to  complete  dehydration,  and  then  boiled  each  for  fifteen 
minutes  with  a  solution  of  sodium  carbonate  containing  250  grams  to 
the  liter.  In  the  extract  so  obtained  the  silica  was  determined,  and 
the  three  experiments  gave  the  following  percentages: 

8.96 
8.67 
8.42 

Mean,  8.68 

One-sixth  of  the  total  silica  is  8.89  per  cent,  and  the  experiments, 
therefore,  justify  the  original  expectation.  The  belief  that  pectolite 
is  a  metasilicate  is  effectively  confirmed. 

Upon  the  unignited  pectolit<^  the  sodium  carbonate  solution  has  a 
slow  decomposing  action,  both  silica  and  bases  being  withdrawn.  In 
two  experiments  fifteen  minutes  of  boiling  extracted  2.07  and  2.55 
per  cent  of  silica,  and  by  a  treatment  lasting  four  days  4.80  per  cent 
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was  taken  out.  With  water  alone  similar  results  were  obtained,  the 
action  being  so  rapid,  although  relatively  slight,  that  pectolite, 
moistened,  gives  an  immediate  and  deep  coloration  with  phenol 
phthalein.  By  boiling  the  powdered  pectolite  with  distilled  water 
alone,  1.65  per  cent  of  silica  was  brought  into  solution,  and  the 
ignited  mineral,  similarly  treated  for  fifteen  minutes,  gave  1.78  per 
cent.  The  extraction  in  these  cases  is  really  an  extraction  of  alkaline 
silicate,  as  the  two  following  experiments  prove.  In  A  the  unignited 
pectolite  was  boiled  for  fourteen  hours  with  distilled  water,  and  in 
B  the  mineral  after  ignition  was  subjected  to  like  treatment  for  four 
hours.  The  dissolved  matter  in  each  case  was  determined,  with  the 
subjoined  results: 


Extracted. 

A. 

B. 

SiO, 

2.98 
.30 
.81 

3.03 

CaO.. - 

.10 

Na,0 

1.50 

4.09 

4.63 

In  A  no  simple  ratio  appears,  but  in  B  the  extracted  silicate  approxi- 
mates very  nearly  to  the  salt  NajSiaOg.  In  each  instance  the  ratios 
vary  widely  from  those  of  the  original  mineral,  showing  that  actual 
decomposition  and  not  a  solution  of  the  pectolite,  as  such,  has  occurred. 

Schneider  and  Clarke,*  in  their  first  experiments  upon  the  ammo- 
nium chloride  reaction,  treated  pectolite  from  Bergen  Hill  three 
times  successively  with  the  reagent  and  then  leached  out  with  water. 
In  the  solution  20.50  per  cent  of  lime  and  6.95  of  soda  were  found, 
showing  that  a  very  considerable  decomposition  had  taken  place, 
but  the  residue  was  not  examined.  In  a  preliminary  experiment 
by  the  sealed  tube  method  we  found  that  20.72  per  cent  of  lime  and 
6.46  of  soda  were  taken  out,  while  1.44  per  cent  of  ammonia  was 
retained  by  the  residue.  That  is,  two-thirds  of  the  bases,  approxi- 
mately, had  been  converted  into  chlorides  by  the  reaction.  The  open 
crucible  and  the  sealed  tube  gave  essentially  the  same  I'esults,  although 
the  retention  of  ammonia  was  not  noticed  by  Schneider  and  Clarke. 

In  order  to  obtain  further  light  upon  pectolite  we  continued  our 
experiments  with  the  sealed  tube  method,  and  have  obtained  very 
variable  results.  All  of  the  heatings  with  ammonium  chloride  were 
conducted  at  350^,  and  the  pectolite  used  was  from  the  same  Bergen 
Hill  specimen  which  served  us  for  our  previous  work.  Our  data  are 
as  follows,  including  for  convenience  of  comparison  the  preliminary 
experiment  which  was  cited  above: 

A.  Heated  six  hours.  On  leaching,  20.72  per  cent  of  lime,  6.46  soda,  and  0.11 
alnmina  dissolyed.    The  residue  contained  1.44  per  cent  of  ammonia. 


a  Bull.  U.  8.  Geol.  Survey  No.  113,  p.  84,18(0. 
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B.  Heated  six  hours.  20.10  per  cent  lime  and  5.80  of  soda  extracted.  1.45  per 
cent  ammonia  in  the  residue.  The  residue  was  also  examined  for  silica  soluble 
in  25  per  cent  sodium  carbonate  solution  (on  fifteen  minutes  boiling) ,  and  43.38 
per  cent  was  found. 

C.  Heated  six  hours.  Soluble  portion  neglected.  The  residue  contained  2.23 
per  cent  of  ammonia  and  61.79  per  cent  of  soluble  silica.  The  full  analysis  of 
this  residue  is  given  later. 

D.  Heated  ten  hours.  A  complex  breaking  up  of  the  pectolite  took  place,  and 
leaching  with  water  extracted  the  following  i)ercentage6: 

SiO, - 5.43 

A1,0, 22 

CaO - 28.20 

MnO 23 

Na,0 8.29 

The  residue  from  this  leaching  contained  39.63  of  soluble  silica,  but  ammonia 
was  not  determined. 

These  results  are  so  irregular  that  definite  conclusions  can  hardly 
be  drawn  from  them.  A  and  B  agree  fairly  with  each  other,  and 
also  with  the  earlier  work  of  Schneider  and  Clarke.  C  contains  more 
ammonia,  but  differs  widely  from  B  as  to  the  amount  of  soluble  silica 
in  the  residue.  D,  which  represents  a  long  heating,  indicates  a  more 
complete  reaction  than  was  observed  in  either  of  the  other  cases. 

An  ammonium  compound,  however,  is  evidently  formed  during  the 
reaction,  although  its  precise  nature  can  not  be  determined  from  the 
evidence  now  in  hand.  Something  may  be  inferred  from  the  follow- 
ing figures,  which  are  to  be  summarized  thus:  First,  we  reproduce 
from  our  earlier  paper  the  analysis  of  the  pectolite  itself.  Secondly, 
we  give  the  analysis  of  the  insoluble  residue  obtained  in  experiment 
C.  The  third  column  of  figures  is  obtained  by  subtracting  from  the 
second  column  61.79  of  soluble  silica  and  1.18  of  hygroscopic  water, 
and  recalculating  the  remainder  to  100  per  cent.  The  fourth  column 
contains  the  molecular  ratios  calculated  from  the  third. 


SiO, ,.  -. 

Al,Os 

CaO 

MnO 

Na,0 

NH, 

HjOatlOO" 

H,0  above  100". 
CO, 


Pectolite. 


53.84 
.33 

33.23 

.45 

9.11 


.27 

2.70 

.67 

100. 10 


Reaidne 
found. 


75.98 
.08 
9.56 
.24 
1.84 
2.23 
1.18 
9.47 


100.58 


Residne 
reduced. 


37.74 

.19 

25.43 

.63 

4.89 

5.93 


25.19 


100.00 


Ratios. 


0.629 
.002 
.454 
.009 
.079 
.349 


1.399 
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These  ratios  roughly  suggest  the  formation  of  a  salt  approximating 
in  composition  to  the  formula  R'2Ca2Si30^.6H20,  in  which  R'  is  about 
two-thirds  ammonium  and  one-third  sodium.  The  large  amount  of 
water  found  was  doubtless  absorbed  during  the  process  of  leaching. 
Pectolite  itself  has  the  formula  NaHCajSisO,,  so  that  the  existence  of 
a  hydrous  ammonium  pectolite  is  indicated;  a  conclusion  which  is 
probable  but  not  proved.  The  reaction  between  pectolite  and  ammo- 
nium chloride  is  possibly  simple  at  first,  but  followed  by  or  entangled 
with  secondary  changes  which  obscure  the  results.  The  experiments 
are  interesting,  however,  as  showing  how  widely  pectolite  differs  from 
the  other  minerals  which  we  have  studied,  as  regards  the  ammonium 
chloride  reaction. 

WOLLASTONITE. 

The  only  data  relative  to  the  action  of  ammonium  chloride  upon 
wollastonite  are  those  given  in  the  original  paper  by  Schneider  and 
Clarke,  but  on  account  of  the  close  relationship  between  this  species 
and  Pectolite  it  seems  desirable  to  reproduce  the  record  here.  The 
mineral  studied  was  from  Diana.  N.  Y.,  and  it  had  the  subjoined 
composition: 

SiO, 60.05 

Al,Os,Fe,0, 1.18 

CaO - 47.10 

Na,0- - nndet. 

MgO.^  ..        .09 

H,0 45 

98.82 

After  two  heatings  with  ammonium  chloride  in  an  open  crucible, 
36.98  per  cent  of  lime  became  soluble  in  water.  In  other  words,  a 
very  notable  decomposition  had  occurred,  as  in  the  case  of  pectolite. 
Since  wollastonite  is  an  anhydrous  mineral,  this  result  shows  that 
the  reaction  does  not  depend  upon  the  presence  of  hydroxyl. 


APOPHYLLrrE. 

Upon  this  species  only  one  rather  crude  experiment  was  made,  and 
that  with  material  of  unknown  locality.  Heated  with  ammonium 
chloride  in  a  sealed  tube,  it  gave  up,  on  leaching  with  water,  21.59 
per  cent  of  lime  and  5.18  of  potassa.  The  residue  contained  only 
0.79  per  cent  of  ammonia.  Evidently  the  mineral,  like  pectolite  and 
wollastonite,  is  largely  decomposed  by  the  reagent;  but  it  is  uncertain 
whether  any  regular  ammonium  compound  is  formed.  It  must  be 
remembered  that  apophyllite  sometimes  contains  small  quantities  of 
ammonia,  and  hence  it  seems  that  a  more  complete  investigation  of  it 
is  desirable. 
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DATOLITE. 

The  comi)act,  porcelain-like  datolite  from  Lake  Superior.  This 
was  heated  in  a  sealed  tube  with  ammonium  chloride  in  the  usual 
way.  After  leaching  the  product  with  water,  the  washed  residue  con- 
tained 91.09  per  cent  of  silica  and  1.17  of  ammonia.  Evidently  the 
datolite  molecule  had  been  thoroughly  broken  down,  with  nearly 
complete  removal  of  the  bases  and  the  boric  acid.  The  significance 
of  the  retained  ammonia,  however,  is  not  clear. 

ELufiOLITE. 

On  account  of  their  interest  as  rock-formyig  minerals,  the  three 
species  nephelite  var.  elaBolite,  sodalite,  and  cancrinite  were  studied 
consecutively  and  with  some  reference  to  one  another.  The  elaeolite 
was  the  characteristic  material  from  the  el»olite-8yenite  of  Litchfield, 
Me.,  and  had  the  following  composition: 

SiO, 45.91 

A1,0, 31.14 

Fe,0, -- 34 

FeO. .-- 23 

CaO 33 

Na,0.... 14.60 

K,0 5.60 

HjOat  100° 47 

H,0  above  100° 93 

CO, ■-.      .40 

99.95 

Five  grams  of  mineral  were  thoroughly  mixed  with  20  grains  of 
ammonium  chloride  by  long  grinding  in  an  agate  mortar,  and  then 
heated  for  six  hours  in  a  sealed  tube  to  350°.  Even  during  the  grind- 
ing a  strong  smell  of  ammonia  was  noticeable,  and  upon  opening  the 
sealed  tube  after  heating,  a  slight  pressure  of  ammonia  gas  was 
observed.  On  extraction  with  water  the  following  bases  passed  into 
solution : 

Fe^Os.AljOa 0.29 

CaO 07 

Alkalies  (calculated  as  soda) 2.10 

The  residue  from  the  leach  water  was  dried  at  50°,  and  then  found 
to  contain  0.92  per  cent  of  ammonia.  These  figures  confirm  those 
obtained  in  a  much  less  careful  preliminary  experiment,  and  show 
that  eteolite  is  but  slightly  affected  by  the  reagent. 
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CANCRINTTE. 

The  material  studied  was  the  well-known  bright  yellow  cancrinite 
from  Litchfield,  Me.,  and  an  analysis  of  it  gave  the  following  results: 

SiO, -.  36.19 

A1,0, 29.24 

Fe,0, - trace 

C5aO  - 4.72 

Na,0 ----  19.20 

B;0 14 

H,0 4.15 

CO, 6.11 

99.75 

Upon  boiling  the  powdered  mineral  for  fifteen  minutes  with  the 
standard  solution  of  sodium  carbonate,  0.55  per  cent  of  silica  went 
into  solution.  After  ignition,  only  0.32  per  cent  was  soluble.  No 
silica,  therefore,  had  been  split  off  by  heating. 

With  ammonium  chloride  two  experiments  were  made.  In  each 
case  the  mineral  was  intimately  ground  with  four  times  its  weight  of 
the  chloride,  and  heated  to  350°  in  a  sealed  tube  for  four  hours. 
During  grinding  a  strong  smell  of  ammonia  was  noticed,  and  still 
more  was  given  off  when  the  tubes  were  opened.  The  products  were 
leached  with  water,  and  the  thoroughly  washed  residues  were  ana- 
lyzed, as  follows: 


SiO. 

MO, 

CaO 

Na,0(+B;0). 

NH, 

H,OatlOO\.. 
H,0  above  100' 
CO, 


99.85 


B. 


37.48 

37.51 

31.23 

31.98 

5.10 

5.30 

7.78 

7.53 

4.73 

3.77 

1.29 
12.24 

} 

14.48 

none 

none 

100.57 


In  the  wash  water  from  product  B,  11.73  per  cent  of  the  original 
soda  was  found,  with  no  lime,  and  0.16  per  cent  of  silica  and  alumina. 
Somewhat  less  than  two-thirds  of  the  soda  had  been  taken  out.  The 
lime  seems  to  be  much  more  stably  combined,  and  water  was  taken 
up,  probably  in  the  process  of  leaching.  The  carbonic  acid  of  the 
cancrinite  had  been  completely  eliminated. 
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Apparently,  if  the  product  of  the  reaction  is  a  definite  compoimd, 
the  effect  of  the  ammoninm  chloride  has  been  to  transform  the  cancri- 
nite  into  a  zeolitic  body,  approximating  roughly  to  the  general  formula 

R^AlSiO^.  HA 

but  with  a  small  excess  of  the  univalent  bases.  Analysis  A, 
adjusted  by  rejecting  the  1.29  per  cent  of  hygroscopic  water,  and 
recalculation  of  the  remainder  to  100  per  cent,  assumes  the  following 
form  and  gives  the  appended  ratios : 


SiO,. 

A1,0, 

CaO 

Na,0 

NH,. 

H,0. 


Analyiiis  re- 
duced. 


Ratios. 


38.03 

0.634 

81.69 

.311 

5.17 

.093 

* 

7.89 

.127 

4.80 

.282 

12.42 

.690 

100.00 

The  substance  is  evidently  not  absolutely  pure,  a  condition  which 
might  have  been  expected.  Any  closer  attempt  at  precise  formula- 
tion would  therefore  be  useless.  It  most  nearly  resembles,  among 
the  products  which  we  have  obtained,  the  ammonium  derivative  of 
thomsonite. 

SODALrrE. 

Dark-blue  sodalite  from  Kicking  Ilorse  Pass,  British  Columbia. 
Analysis  as  follows: 

SiO, 39.66 

ALjOs    30.09 

Fe^O,     -  .   - ---        .31 

CaO - 18 

Na,0 - 22.60 

B;0 1.14 

HjOatlOO" 17 

H,0  above  100" .-.   79 

a 6.12 

101.06 
Le880=Cl 1.39 

99.67 

With  ammonium  chloride  two  preparations  were  made,  both  by 

the  sealed-tube  method  at  SoO"*.     In  A  the  heating  lasted  twenty-four 

hours;  and  in  B  six  hours.     From  residue  A,  by  leaching  with  wat^r, 

2.96  per  cent  of  alkali,  reckoned  as  soda,  was  extracted;  and  from  B, 
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3.53  per  cent.     In  the  washed  residues  the  following  determinations 
were  made,  but  complete  analysis  seemed  to  be  unnecessary. 


810, .. 

Al,0,(Fe,0,) 

CaO 

Na,0(K,0) 

NH,. 

CI 


39.33 
31.40 

.20 
30.86 

.45 
5.92 


40.00 
32.34 


.72 


Evidently  the  amount  of  change  was  slight,  and  no  definite  ammo- 
nium derivative  hml  been  formed. 

In  one  way  these  results  shed  some  light  upon  the  constitution  of 
sodalite.  According  to  Lemberg  and  his  pupils  the  mineral  is  a  double 
salt,  a  molecular  compound  of  sodium  chloride  with  a  silicate  like 
nepheline.  If  this  view  were  correct  sodium  and  chlorine  should  be 
removed  together  by  the  action  of  a  decomposing  reagent.  We  find, 
however,  that  about  3  per  cent  of  soda  was  removed  from  sodalite  in 
forming  residue  A,  while  practically  all  of  the  chlorine  remains 
behind.  So  far,  then,  the  evidence  is  adverse  to  the  view  just  cited 
and  favorable  to  that  of  Brogger,  which  assigns  the  mineral,  as  an 
atomic  compound,  to  a  place  in  the  garnet  group. 

On  the  other  hand,  sodium  chloride  may  be  volatilized  from  sodalite 
by  prolonged  heating.  Two  portions  of  the  mineral  were  each  heated 
for  four  hours  over  a  blast-lamp  flame,  losing  10.80  and  10.72  per  cent, 
respectively.  The  chlorine  in  the  mineral,  6.12  per  cent,  corresponds 
to  10.08  per  cent  of  NaCl;  to  this  must  be  added  the  0.91  of  water 
found,  making  a  total  possible  loss  of  11.04  per  cent.  In  the  residue 
from  the  first  lot  ignited  0.20  of  chlorine  was  found,  so  that  the  vola- 
tilization of  sodium  chloride  had  been  almost  complete.  This  reac- 
tion, however,  taking  place  at  a  very  high  temperature,  may  be  only 
a  result  of  metathesis,  and  not  by  any  means  a  proof  that  sodium 
chloride,  as  such,  is  an  essential  constituent  of  sodalite.  The  evi- 
dence derived  from  the  ammonium  chloride  reaction  is  entitled  to  the 
greater  weight. 

THE  FELDSPARS. 

The  results  which  we  have  obtained  with  these  important  rock- 
forming  minerals  are  interesting  only  in  so  far  as  they  show  a  trifling 
sensitiveness  on  the  part  of  the  several  species  toward  dissociating 
ammonium  chloride.  The  action  upon  them  is  slight,  and  ammonium 
derivatives  do  not  seem  to  be  formed.  The  data  may  be  briefly  sum- 
marized as  follows: 

Orthochhse, — From  southeastern  Pennsylvania,  exact  locality 
unknown.     Quite  pure  cleavage  masses.     Heated  for  six  hours  with 
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ammonium  chloride  to  350°  in  a  sealed  tube,  and  leached  with  water, 
1.52  per  cent  of  KCl  went  into  solution.  The  residue,  dried  at  50®, 
contained  0.20  per  cent  of  ammonia. 

Oligodase, — The  transparent  variety  from  Bakersvllle,  N.  C. 
Treated  like  the  orthoclase.  In  the  leach  water  0.96  per  cent  of  lime 
and  2.71  of  soda  were  found.  The  air-dried  residue  contained  1.47 
per  cent  of  ammonia.  It  is  barely  possible  that  in  this  case  an  ammo- 
nium derivative  may  have  been  produced,  but  the  data  are  not  posi- 
tive enough  to  warrant  any  definite  conclusion. 

Albite. — Well-crystallized  and  very  pure  material  from  Amelia 
Courthouse,  Va.  Treated  like  the  two  preceding  feldspars.  Upon 
leaching,  0.12  percent  of  lime  and  0.84  of  soda  went  into  solution. 
In  the  residue,  dried  at  50*^,  0.32  per  cent  of  ammonia  was  retained. 

OLIVINE. 

Green,  transparent  pebbles  from  near  Fort  Wingate,  N.  Mex. 
Examined  by  Schneider  and  Clarke,  who  employed  only  the  open 
crucible  method.  By  treatment  with  ammonium  chlorifle  only  0.44 
per  cent  of  magnesia  was  rendered  soluble  in  water — i.  e.,  converted 
into  magnesium  chloride.  In  view  of  the  ready  solubility  of  this 
mineral  in  even  weak  aqueous  acids,  this  lack  of  sensitiveness  to 
ammonium  chloride  is  somewhat  remarkable. 

ILVAITE. 

This  rare  mineral  was  found  by  Mr.  Waldemar  Lindgren  at  the 
Golconda  mine,  South  Mountain,  Owyhee  County,  Idaho.  It  occurs 
in  jet  black  masses  and  occasional  rough  crystals,  embedded  in  quartz 
or  calcite,  and  intimately  associated  with  two  other  minerals  which 
appear  to  be  garnet  and  tremolite.  Traces  of  pyrite  also  appear. 
The  specific  gravity  of  the  ilvaite,  as  determined  by  Dr.  Hillebrand, 
is  4.059  at  31^ 

Upon  grinding  the  powdered  mineral  with  ammonium  chloride  in 
an  agate  mortar,  a  distinct  smell  of  ammonia  was  noticeable.  Three 
tubes  of  the  mixture  were  heated  to  350°,  and  one  exploded  because 
of  the  liberation  of  gas  within.  Upon  opening  the  second  and  third 
tubes,  a  strong  outrush  of  ammonia  was  observed.  When  the  con- 
tents of  these  tubes  were  leached  with  water,  large  quantities  of 
ferrous  chloride  went  into  solution,  which,  rapidly  oxidizing,  formed 
a  deposit  of  brownish  hydroxide,  and  interfered  seriously  with  filtra- 
tion. The  greater  part  of  the  lime  in  the  ilvaite  was  dissolved  also. 
The  washed  residue,  containing  much  ferric  hydroxide,  was  partially 
analyzed,  and  enough  data  were  obtained  to  show  that  a  general 
breaking  down  of  the  ilvaite  molecule  ha<i  been  effected.  Apparently, 
also,  small  quantities  of  an  ammonium  derivative  had  been  formed; 
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but  this  point  is  uncertain.  The  original  mineral  was  analyzed  by 
Dr.  W.  F.  Hillebrand,  and  his  analysis,  contrastecl  with  that  of  the 
leached  residue,  is  here  given: 


SiO, 

A1.0,... 

Fe,0, 

FeO 

MnO 

CaO 

MgO 

Na,0 

NH, ... 

H,Oatl05\... 
H,0  above  105'' 
a 


nvaite  (HiUe- 1 
brand). 


29.16 
.52 

20.40 

29.14 
5.15 

18.02 
.15 
.08 


Residue 
(Steiger). 


43.01 

40.08 

8.75 

.85 

2.25 

nndet. 

nndet. 

.88 

nndet. 

nndet. 


100.41 


95.82 


a  Small  amoant. 

In  the  leached  residue  from  the  third  tube  21.37  percent  of  soluble 
silica  was  found — silica  which  had  been  liberated  during  the  reaction 
between  the  ilvaite  and  the  ammonium  chloride.  In  short,  ilvaite 
behaves  toward  the  reagent  much  like  pectolite,  and  the  product  is  a 
mixture  of  uncertain  character.  The  evident  instability  of  the  ilvaite 
molecule  may  account  for  its  rarity  as  a  mineral  species.  Only 
exceptional  conditions  would  favor  its  formation. 

riebeckitk(?). 

The  results  obtained  with  ilvaite  made  it  desirable  to  study,  for 
comparison,  some  other  silicates  of  iron.  Among  these  the  mineral 
from  St.  Peters  Dome,  near  Pikes  Peak,  Colorado,  originally  described 
by  Koenig  as  arfvedsonite,  but  identified  by  Lacroix  as  near  riebeck- 
ite,  happened  to  be  available.  It  was  treated  with  ammonium  chlo- 
ride in  the  usual  way  and  no  presence  of  liberated  gas  was  noticed 
when  the  tube  was  opened.  On  leaching  the  product  with  water,  fer- 
rous chloride  went  into  solution  and  ferric  hydroxide  with  some 
manganic  hydroxide  was  deposited.  In  the  leached  mass  6.90  per 
cent  of  soluble  silica  was  found,  and  in  the  wash  water  from  the 
leaching  there  was  6.76  per  cent  of  soda.  According  to  Koenig's 
analysis  the  mineral  contains  8.33  per  cent  of  soda,  so  that  a  large 
portion  of  the  total  amount  had  been  extracted.    There  was  also, 
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evidently,  a  considerable  breaking  down  of  the  molecule,  but  no 
definite  ammonium  derivative  had  been  formed.  This  is  shown  by 
the  following  analysis  of  the  leached  residue,  which  is  contrasted 
with  Koenig's  published  analysis*  of  the  original  mineral  in  order  to 
indicate  the  amount  of  change.  In  the  third  column  of  figures  we 
give  the  amount  of  each  constituent  which  could  be  dissolved  out 
from  the  residue  by  treatment  with  hydrochloric  acid. 


SiO,_. 
TiO,. 
ZrO,- 
Fe,0, 
FeO  . 
MnO. 
MgO. 
CaO. 
Na,0 
K,0-. 
NH,  . 
H,0.. 
a ... 


Riebeckite 
(Koenig). 


49. 
1. 

14. 

18. 

1. 


.20 


Residue 
(Steiger). 


Soluble 
portion. 


67.54 


21.28 

4.94 

.64 

none 

trace 

1.04 

.53 

3.33 

trace 


15.74 

4.94 

.64 


.53 


97.87 


99.30 


The  residue  is  evidently  a  mixture  of  free  silica  and  ferric  hydrate 
with  probably  at  least  two  silicates,  one  soluble,  the  other  insoluble 
in  hydrochloric  acid.  The  reaction  itself  is  noteworthy  because  of 
the  fact  that  the  original  mineral  is  but  slightly  attacked  when  boiled 
with  strong  hydrochloric  acid.  The  other  minerals  so  far  studied  by 
us  are  all  easily  decomposable  by  acids,  while  this  one  is  quite  refrac- 
tory. The  energetic  character  of  the  ammonium  chloride  reaction  is 
thus  strongly  emphasized. 

iBGIRITE. 

Material  from  the  well-known  locality  at  Magnet  Cove,  Arkan^^. 
Not  absolutely  pure,  but  somewhat  contaminated  by  ferric  hydroxide. 
This  impurity  is  evident  in  a  discussion  of  the  ratios  furnished  by 
the  analysis,  but  is  not  serious.  It  does  not  affect  the  problems  under 
consideration.  By  heating  with  ammonium  chloride  the  mineral  was 
only  slightly  changed.     In  the  leach  water  from  the  product  there 


a  Dana's  System  of  Mineralogy,  6Ui  ed.,  p.  40U. 
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were  1.66  per  cent  (AlFe)203,  0.51  CaO  and  1.18  Na20.     Analyses  as 
follows:  A  of  the  SBgirite,  B  of  the  air-dried,  leached  residue. 


Of  the  silica  in  the  residue  4.42  per  cent  was  soluble  in  sodium  car- 
bonate solution.     An  ammonium  derivative  was  not  formed. 

From  these  data  we  see  that  the  three  iron  silicates  ai'e  very  differ- 
ently  attacked  by  ammoniuni  chloride;  ilvaite  very  strongly,  riebeck- 
it©  moderately,  and  segirite  but  feebly.  The  legirite  is  the  most 
stable  and  at  the  same  time  the  commonest  of  the  three.  A  com- 
parison of  the  SBgirite  analysis  with  that  made  by  J.  Lawrence  Smith 
of  material  from  the  same  region  shows  notable  differences.  The 
mineral  evidently  varies  in  composition,  the  variation  depending 
upon  the  relative  amounts  of  the  two  silicate  molecules  FeNaSijOg 
and  R"Si08.  Two  samples  taken  from  different  parts  of  the  same 
rock  area  are  not  necessarily  identical  in  composition. 

CALAMINE. 

The  simplest  constitutional  formula  for  calamine,  the  one  which  is 
generally  accepted,  represents  it  as  a  basic  metasilicate, 

Si03=(ZnOII)2. 

In  this  the  hydrogen  is  all  combined  in  one  way,  and  so,  too,  is  the 
zinc.  In  all  other  possible  formula,  simple  or  complex,  the  hydrogen 
as  well  as  the  zinc  must  be  represented  as  present  in  at  least  two 
modes  of  combination;  a  condition  of  which,  if  it  exists,  some  evidence 
should  be  attainable.  Our  experiments  upon  calamine  have  had  this 
point  in  view;  and  we  have  sought  to  ascertain  whether  water  or  zinc 
could  be  split  off  in  separately  recognizable  fractions.  Our  results, 
in  the  main,  have  been  negative,  and  tend  toward  the  support  of  the 
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usual  formula;  but  the  data  are  not  conclusive,  although  they  seem 
to  be  worthy  of  record. 

The  beautiful  white  calamine  from  Franklin,  N.  J.,  was  selected 
for  study,  and  gave  the  subjoined  composition : 

SiOj...   - 24.15 

AljO,,  Fe,0, 19 

ZnO - 67.  .55 

CaO .-- .12 

H,0 7.95 

99.96 
Fractional  water. 

At  100° - 0.27 

At  180^ - 22 

At  250° 75 

At  300° : 88 

Incipient  red  heat .-. 4.46 

Full  red  heat 1.87 

7.95 
Here  no  clear  and  definite  fractionation  of  the  water  is  recognizable, 
at  least  of  such  a  character  as  to  suggest  any  other  than  the  ordinary 
formula  for  calamine. 

Upon  boiling  powdered  calamine  with  water,  practically  nothing 
went  into  solution,  but  by  boiling  with  the  solution  of  sodium  car- 
bonate 0.25  per  cent  of  silica  was  dissolved.  After  ignition  at  a  red 
heat,  only  0.14  per  cent  of  silica  became  soluble  in  sodium  carbonate; 
and  after  blasting,  only  0.24.  In  these  exi)eriment8  a  very  little  zinc 
was  dissolved  also;  but  there  was  no  evidence  that  any  breaking  up 
of  the  mineral  into  distinguishable  fractions  had  occurred.  In  a  hot 
10  per  cent  solution  of  caustic  soda  both  the  fresh  and  the  ignited 
calamine  dissolve  almost  completely;  but  boiling  with  aqueous  am- 
monia seems  to  leave  the  mineral  practically  unattacked.  All  exper- 
iments aiming  to  extract  a  definite  fraction  of  zinc  while  leaving  a 
similar  fraction  behind  resulted  negatively. 

By  heating  with  dry  ammonium  chloride  in  an  open  crucible,  cala- 
mine is  vigorously  attacked  and  gains  in  weight  by  absorption  of 
chlorine.  In  two  experiments  the  mineral  was  intimately  mixed  with 
three  times  its  weight  of  powdered  sal  ammoniac  and  heated  in  an  ail- 
bath  for  several  hours  to  a  temperature  somewhat  over  400^.  A  large 
part  of  the  residue  was  soluble  in  water,  and  the  percentage  of  this 
portion,  together  with  the  percentage  increase  in  .weight,  is  given 
below : 


Gain  in  weight . . 
Soluble  in  water. 


I. 


27.60 
53.23 


25.78 
67.13 
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A  conversion  of  calamine  into  the  chlorhydrin  Si03(ZnCl)2  would 
involve  a  gain  in  weight  of  15.34  per  cent.  Complet'C  conversion  into 
2ZnCl2+Si02  implies  an  increase  of  38.14  per  cent.  The  figures  given 
lie  between  these  two,  and  are  indefinite  also  for  the  reason  that  there 
was  volatilization  of  zinc  chloride. 

In  two  more  experiments  the  calamine,  mingled  with  three  times 
Hud  four  times  its  weight  of  ammonium  chloride,  respectively,  was 
heated  for  an  hour  and  a  half  to  bright  redness  in  a  combustion  tube. 
The  zinc  chloride  which  was  formed  volatilized  and  was  collected  by 
suitable  means  for  determination.  It  corresponded  to  59. 6  and  59.0  per 
cent  of  the  original  mineral,  calculated  as  zinc  oxide,  which  indicat.es 
a  nearly  complete  decomposition  of  the  calamine  into  2ZnCl2+Si02. 
The  residue  was  mainly  silica,  with  a  small  part  of  the  zinc,  about 
half  of  the  silica  being  soluble  in  sodium  carbonate  solution.  Here 
again  no  definite  fractionation  of  the  mineral  could  be  observed. 

Finally  the  action  of  dry  hydrogen  sulphide  upon  calamine  was 
investigated.  The  mineral  was  heated  to  redness  in  a  current  of  the 
gas  and  gained  perceptibly  \n  weight.  The  percentage  data,  reckoned 
on  the  original  calamine,  were  as  follows,  in  two  experiments: 


Gain  in  weight 

SiO,  soluble  in  Na,COj. 
Snlphnr  in  residue 


I.          j  n. 

6.00  '  6.43 

16.45  !  20.95 

!  24.12 


Complete  conversion  of  calamine  into  ^ZnS+SiOg  implies  a  gain  in 
weight  of  5.80  per  cent,  and  it  is  therefore  evident  from  the  figures  of 
the  second  experiment  that  the  limit  of  change  was  approached  very 
nearly.  The  24.12  of  sulphur  taken  up  is  quite  close  to  the  26.53  per 
cent  which  is  required  by  theory.  About  eight-ninths  of  the  calamine 
had  undergone  transformation.  Again  no  definite  fractionation  was 
detected. 

The  hydrogen  sulphide  reaction  was  examined  still  further  with 
reference  to  the  temperature  at  which  it  becomes  effective.  Even  in 
the  cold  calamine  is  slightly  attacked  by  the  gas,  but  its  action  is 
unimportant  until  the  temperature  of  400°  is  approximated.  Then  it 
becomes  vigorous  and  the  reaction  goes  on  rapidly.  A  few  experi- 
ments with  willemite  showed  that  it  also  was  attacked  by  hydrogen 
sulphide,  but  less  vigorously  than  calamine. 

PYROPHYLLITE. 

The  empirical  formula  for  pyrophyllite,  AlllSiaOj,  is  apparently 
that  of  an  acid  metasilicate,  and  the  mineral  is  therefore  peculiarly 
available  for  fractional  analysis.     The  compact  variety  from  Deep 
9506_No.  207—02 4 
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River,  N.  C,  was  taken  for  examination,  and  a  uniform  sample  was 
prepared.     Analysis  gave  the  following  results: 

SiO, 64.73 

TiO, - - .73 

Al,Os 29.16 

Fe,0, 49 

MgO trace 

Ignition 5. 35 

100.46 

If,  now,  pyrophyllite  is  an  acid  metasilicate  it  should  break  up  on 
ignition  in  accordance  with  the  equation 

2AlIISi20e,=Al2Si809+Si02+H20. 

That  is,  one-fourth  of  the  silica,  or  16.18  per  cent,  should  be  liber- 
ated. The  mineral  itself  is  very  slightly  attacked  by  boiling  with  the 
sodium  carbonate  solution,  and  in  an  experiment  of  this  kind  only 
0.72  per  cent  of  silica  was  dissolved.  Upon  ignition  under  varying 
circumstances  the  following  data  were  obtained: 

Ignit-ed  ten  minutes  over  a  Bunsen  burner,  and  then  extracted  with 
sodium  carbonate  solution,  1.51  per  cent  of  SiOg  dissolved. 

Ignited  fifteen  minutes  over  a  Bunsen  burner,  1.81)  per  cent  became 
soluble. 

Ignited  ten  minutes  over  a  Bunsen  burner  and  then  fifteen  minut/es 
over  the  blast,  2.84  per  cent  of  silica  was  liberated. 

These  results  are  of  a  different  order  from  those  given  by  pectolit^ 
and  talc,  and  raise  the  question  whether  pyrophyllite,  despite  its 
ratios,  is  a  metasilicate  at  all.  So  far  as  the  evidence  goes,  it  may 
with  propriety  be  regarded  as  a  basic  salt  of  the  acid  Il^SijOs,  and  its 
formula  then  becomes 

Si2()5=Al-01I. 

This  formula  is  at  least  as  probable  as  the  metasilicate  expression, 
which  latter  rests  upon  assumption  alone.  Still  other  formulae,  but 
of  greater  complexity,  are  possible;  but  until  we  know  more  of  the 
genesis  and  chemical  relationships  of  pyrophyllite,  speculation  con- 
cerning them  would  be  unprofitable. 

By  heating  with  ammonium  chloride  in  an  oi)en  crucible  pyrophyl- 
lite is  very  slightly  attacked.  In  two  experiments  it  lost  in  weight 
6.17  and  6.30  per  cent,  resiKJctively.  The  excess  of  loss  over  water  is 
due,  as  we  have  proved,  to  the  volatilization  of  a  little  ferric  and 
aluminic  chloride.  The  residue  of  the  mineral  after  this  treatment 
contained  no  chlorine,  so  that  no  chlorhydrin-like  body  had  been 
formed.  The  formation  of  such  a  compound,  the  replacement  of 
hydroxyl  by  chlorine,  would,  if  it  could  be  effected,  be  a  valuable 
datum  toward  determining  the  actual  constitution  of  the  species. 
The  sealed  tube  experiments  were  not  attempted. 
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SERPENTINE. 

In  1891  Clarke  and  Schneider  published  an  investigation  ^  relative 
to  the  action  of  gaseous  hydrochloric  acid  upon  various  minerals. 
Among  these  were  the  three  species,  serpentine,  leuchtenbergite,  and 
phlogopite,  and  the  remainders  of  the  original  samples  were  fortu- 
nately at  our  disposal.  The  analyses  made  by  Schneider  are  there- 
fore directly  comparable  with  the  new  data  secured  by  us. 

The  serpentine,  from  Newburyi)ort,  Mass.,  was  but  moderately 
attacked  upon  heating  with  ammonium  chloride.  Upon  leaching  the 
contents  of  the  sealed  tube  with  water,  0.18  percent  of  silica  and  5.23 
of  magnesia  went  into  solution.  The  washed  residue  and  the  serpen- 
tine had  the  following  composition : 


SiO, 

Fe^O,,  AljOs 

MgO 

FeO - 

NH3 

H,0 


Serpentine  Residue 

(Schneider).        (Steigrer). 


41.47  45.42 

1.73  .88 

41.70  39.54 

.09    ...    

.09 

15.06  :  14.01 


100.05  99.94 

I 


The  leached  residue  contained  1.06  per  cent  of  soluble  silica.  The 
amount  of  change  effected  in  the  mineral  was  evidently  small,  and  no 
ammonium  compound  was  produced. 

In  Schneider  and  Clarke's*  paper  upon  the  ammonium  chloride 
reaction  a  serpentine  from  the  river  Poldnewaja,  district  of  Syssert, 
in  the  Urals,  was  studied.  By  a  single  treatment  in  an  open  crucible 
4.93  per  cent  of  magnesia  became  soluble  in  water  as  chloride.  In  a 
second  experiment  the  mineral,  after  heating  with  10  grams  of  ammo- 
nium chloride  until  volatilization  ceased,  was  reheated  with  10  grams 
more.  Upon  leaching,  14.30  per  cent  of  magnesia  went  into  solution. 
In  a  third  trial  the  serpentine  was  thrice  treated  and  only  10.63  per 
cent  of  magnesia  was  converted  into  chloride.  In  the  last  case  the 
residue  was  boiled  with  sodium  carbonate  solution,  which  extracted 
3.82  per  cent  of  silica.  The  same  serpentine  was  completely  decom- 
posable by  aqueous  hydrochloric  acid,  but  only  moderately  attacked 
by  the  dry  gas.  The  evident  irregularity  of  these  results  is  yet  unex- 
plained. 

PHLOGOPITE. 

From  Burgess,  Canada.  The  contents  of  the  sealed  tube,  after 
heating,  showed  little  appearance  of  change.  The  leach  water  con- 
tained magnesia.     Analyses  as  follows: 


oBxill.  XJ.  S.  GeoL  Survey  No.  78,  p.  11, 1891.       6BuU.  U.  8.  Geol.  Survey  No.  118,  p.  84, 1898. 
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SiO,.- 
TiO,  - 

Fe,0, 
FeO.. 
BaO-- 
MgO. 
Na,0. 
K,0.. 
NH,.. 
H,0.. 
F.  .. 


Phlofiropite 
'  (Schneiaer). 


89.66 
.56 

17.00 
.37 
.20 
.62 

26.49 

.60 

9.97 


O. 


2.99 
2.24 


100.60 
.94 


99.66 


Besidae 
(Steig«r). 


45.03 


15.07 


24.94 
.94 

8.69 
.21 

5.01 


99.89 


The  residue,  on  boiling  with  sodium  carbonate,  gave  0.40  per  cent 
of  soluble  silica.  From  these  data  it  appears  that  phlogopite  is  some- 
what attacked  by  ammonium  chloride,  but  not  strongly.  No  definite 
ammonium  derivative  is  formed. 


LEUCHTENBERQITE. 

From  the  standard  locality  near  Slatoust,  in  the  Urals.  When  the 
contents  of  the  sealed  tube  were  leached  with  water,  there  passed  into 
solution  0.19  per  cent  of  alumina,  plus  iron,  2.10  of  magnesia,  and 
2.03  of  lime.  The  residue  was  not  completely  analyzed,  but  the  few 
determinations  made  contrast  with  Schneider's  results  as  follows: 


SiO,-- 
A1,0,. 
Fe,Os 
FeO.- 
MgO. 
CaO.. 
NH,-. 
H,0.. 
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No  definite  ammonium  compound  was  formed,  and  the  amount  of 
decomposition  was  small.  As  the  lime  shown  by  the  analysis  is  at 
least  partly  due  to  the  presence  of  garnet  as  an  impurity  in  the  min- 
eral, it  will  be  interesting  to  determine  the  effect  producible  by 
ammonium  chloride  upon  that  species. 

In  Schneider  and  Clarke's  investigation,  conducted  in  open  cruci- 
bles, this  same  leuchtenbergite,  after  thi*ee  heatings  with  ammonium 
chloride,  gave  up  3.98  per  cent  of  magnesia  upon  leaching  with  water. 
The  residue  contained  a  little  magnesium  oxychloride.  With  clino- 
chlore  from  Slatoust  similar  results  were  obtained.  A  double  heating 
with  ammonium  chloride  extracted  2.12  per  cent  of  magnesia,  and  a 
triple  heating  took  out  3.80  per  cent. 

XANTHOPHYLLITE. 

Variety  waluewite,  from  the  Nikolai-Maximilian  mine,  district  of 
Slatoust,  Urals.  Examined  by  Schneider  and  Clarke,  who  found  the 
mineral  to  be  practically  unattacked  bj'^  gaseous  hydrochloric  acid, 
but  completely  decomposable  by  the  aqueous  acid.  A  triple  treating 
with  ammonium  chloride  in  an  open  crucible  took  out  0.48  per  cent  of 
lime  and  0.61  of  magnesia.  This  amount  of  decomposition  is  insig- 
nificant. 

THE  ACTION  OP  AMMONIUM  CHLORIDE  ON  ROCKS. 

From  the  evidence  so  far  presented  it  is  clear  that  the  ammonium- 
chloride  reaction  has  much  theoretical  interest  and  that  it  adds  a 
good  deal  to  our  knowledge  of  chemical  constitution.  But  does  it  go 
any  further  than  this  and  render  any  assistance  in  the  elucidatiod  of 
other  problems?  Consider,  for  instance,  the  rational  analysis  of 
silicate  rocks — that  is,  the  quantitative  determination  of  certain  min- 
eral constituents  as  distinguished  from  the  ordinary  estimation  of  the 
oxides — is  the  reaction  of  any  service  here?  We  have  found  that 
among  the  rock-foi-ming  minerals  analcite  and  leucit^  are  completely 
transfonnable  into  ammonium  salts,  while  eljeolite  and  the  feldspars 
are  but  little  affected;  olivine  and  the  ferro-magnesian  silicates  also 
react  but  slightly.  It  would  seem,  therefore,  as  if  analcite  and  leucite 
might  be  approximately  determined  by  means  of  the  reaction,  the 
amount  of  change  produced  in  a  rock  mixture  being  some  measure  of 
their  quantity.  To  test  this  supposition,  we  have  made  a  number  of 
experiments,  using  for  the  purpose  well-known  rocks  which  had  been 
studied  both  mineralogically  and  chemically. 

Our  method  of  procedure  has  been  extremely  simple,  and  no  refine- 
ments of  process  have  as  yet  been  attempted.  Each  rock,  in  fine 
powder,  was  mixed  with  four  times  its  weight  of  ammonium  chloride 
and  heated  for  several  hours  in  a  sealed  tube  to  350°.  After  cooling, 
the  mixture  was  leached  with  water,  and  the  amount  of  alkali  pass- 
ing into  solution  was  estimated.  From  this  soluble  alkali  the  amount 
of  analcite  or  leucite  in  the  rock  may  be  be  roughly  inferred,  but  of 
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course  not  with  any  great  degree  of  accuracy.  Still  an  approximate 
estimation  is  better  than  no  measurement  at  all  and  is  of  service  to 
the  petrographer.  Fortunately  the  errors  of  the  process  are  to  some 
extent  compensatory;  a  little  analcite  or  leucite  will  always  escape 
transformation,  while  on  the  other  hand  a  little  alkali  will  always  be 
yielded  by  other  species.  One  error  renders  the  estimation  of  the 
alkali  too  low,  the  other  makes  it  high,  but  the  two  tend  to  balance 
each  other.  In  the  ordinary  process  for  separating  soluble  from 
insoluble  silicates  by  means  of  aqueous  hydrochloric  or  very  dilute 
nitric  acid  the  same  errors  occur,  but  with  additional  complications 
due  to  the  solution  of  magnesian  minerals  like  olivine.  Furthermore, 
aqueous  acids  will  not  discriminate  between  analcite  and  nepheline, 
two  si>ecies  which  behave  very  differently  toward  dissociating  ammo- 
nium chloride.  So  much  premised,  we  may  pass  on  tro  the  description 
of  our  experiments. 

First,  we  examined  three  rocks  from  the  Leucite  Hills,  Wyoming, 
which  were  analyzed  by  Hillebrand  and  described  by  Cross."  Their 
mineralogical  composition  is  as  follows: 

A.  Orendite.  Ck^ntains  predominating  lencite  and  sanidine,  with  phlogopite,  a 
little  biotite,  diopside,  and  amphibole,  and  accessory  apatite  and  mtile. 

B.  Wyomingite.  Ck^ntains  phlogopite,  leucite,  dioptiide,  and  apatite. 

C.  Madnpite.  Contains  predominating  diopside  and  phlogopite,  with  perofskite 
and  magnetite,  in  a  glassy  base,  which  has  approximately  the  composition  of 
lencite. 

On  A  and  B  duplicate  det.erminations  were  made,  but  only  one  in 
the  case  of  C.  The  substances  extracted  by  leaching,  after  treatment 
with  ammonium  chloride,  are  given  below: 


Al,Os,Fe,Oj 

CaO 

K,0 

Na,0 


Al. 

0.26 

1.28 

4.68 

.25 

AS. 


Bl. 


B2. 


0.21 

1.48 

4.53 

.43 


0.64 
1.67 
9.50 
1.33 


0.64  I 
1.70  I 
9.38  I 
1.35 


0.31 
5.06 
6.81 
1.08 


The  duplicates  are  fairly  concordant.  If  now  we  regard  tlic  KjO 
thus  extracted  as  a  measure  of  the  leucite  in  each  rock,  giving  the 
mineral  its  normal  composition  KAlSigOg,  we  have  the  following  per- 
centages of  the  latter: 

In  orendite: 

1.. 21.81 

2 21.11 

In  wyomingite: 

1 - 44.47 

2 43.71 

Inmadupite - 31.73 

«  Am.  Jour.  Sci.,  4th  serioB,  Vol.  IV,  p.  115.    See  al»«>  Bull.  U.  S.  (ieol.  Survey  No.  168,  pp.  85  aod 
86,  1900,  for  analyses. 
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Two  other  leucite  rocks  were  also  studied  by  us,  as  follows,  both 
being  given  in  duplicate:, 

D.  Missonrite.  Highwood  Monntains,  Montana.  Described  by  Weed  and  Pirs- 
son.^  Analyzed  by  E.  B.  Hnrlbnt.  Contains  angite  iand  leucite,  with  apatite, 
iron  oxides,  olivine,  and  biotite.    Some  zeolites  and  analcite  are  also  present. 

E.  Leucitite,  Bearpaw  Monntains,  Montana.  Described  by  Weed  and  Pirsson.  * 
Analyzed  by  H.  N.  Stokes.  An  olivine-free  leucite  basalt.  Contains  leucite, 
angite,  iron  oxides,  rarely  biotite,  and  a  very  small  amount  of  glassy  base. 

The  following  substances  were  taken  out  by  the  ammonium  chlo- 
ride reaction: 


CaO  _ 
K,0.. 
Na^O 


Dl. 

1.73 

4.09 

.59 


D2. 


1.70 

3.74 

.64 


1. 

E2. 

0.89 

1.29 

6.19 

6.16 

1.44 

1.47 

IIonc<»  we  have  for  leucite — 

Inmissourite 19.06  and  17.43 

In  leucitite 28. 84  and  28. 70 

It  will  be  observed  that  the  extracted  soda  is  neglected  in  the  com- 
putation. In  missourite  it  may  represent  analcite;  in  the  other 
rocks  it  perhaps  belongs  to  a  sodium  equivalent  of  leucite,  or  it  may 
come  from  some  still  different  source.  At  all  events,  it  serves  to  indi- 
cate some  of  the  uncertainties  attending  the  application  of  the 
method. 

Among  the  rocks  containing  analcite  as  an  essential  constituent, 
only  two  were  available  for  our  purposes.     They  are: 

F.  Analcite-basalt,  from  Basin,  Colorado.  Described  by  Cross.  <"  Analyzed  by 
Hillebrand.  Contains  phenocrysts  of  augite,  olivine,  and  analcite;  also  mag- 
netite, and  minor  amounts  of  alkali  feldspars,  biotite,  and  apatite. 

Q.  Heronite,  from  Heron  Bay.  Lake  Superior.  Described  by  Coleman.'^  Con- 
tains analcite,  orthoclase,  labradorite,  legirite,  limonite,  and  calcite. 

By  treatment  with  ammonium  chloride  the  following  bases  were 
extracted  from  these  rocks,  determinations  being  made  in  duplicate: 


CaO 

K,0- 

Na,0 


P2. 


2.28 

.49 

3.29 


Gl. 


G2. 


1.64  , 

.21 
6.04 


1.62 

.18 

6.37 


«  Am.  Jour.  Sci.,  4th  series.  Vol.  II,  p.  815;  Bnll.  U.  8.  Oeol.  Survey  No.  168,  p.  138. 
<»  Am.  Jour.  Sci.,  4th  series.  Vol.  II,  p.  143;  Bull.  U.  8.  Oeol.  Survey  No.  168,  p.  186. 
••See  Bull.  U.  8.  Geol.  Survey  No.  168,  p.  146. 
''Jour.  Geology,  VoL  VU,  p.  431. 


Digitized  by 


Google 


56 


ACTION   OF   AMMOKIUM   CHLOKIBE   ON   SILICATES.       [bull.  207. 


Hence,  reckoning  the  soda  as  equivalent  to  normal  analcite, 
NaAlSigOj.HjO,  we  have  as  percentages  of  the  latter: 

In  analcite-baaalt 26. 33  and  25. 33 

Inheronite 46.51  and  49.05 

According:  to  Coleman's  computations,  heronite  contains  47  per  cent 
of  analcite.  This  figure  agrees  quite  perfectly  with  our  experimental 
determination. 

In  order  to  gain  some  notion  of  the  extent  to  which  other  rocks, 
containing  neither  analcite  nor  leucite,  might  be  affected  by  the 
i*eaction  with  ammonium  chloride,  four  examples  were  chosen  from 
among  the  many  which  have  been  studied  in  this  laboratory. '^  They 
were: 

H.  Phonolite,  Uvalde  County,  Tex.  Contains  sanidine,  nepheline,  and  legirite. 
with  very  little  brown  hornblende,  angite,  and  magnetite. 

I.  Soda-granite-porphyry,  Merced  River,  Mariposa  Connty,  Cal.  Contains  feld- 
spar, largely  albite,  hornblende,  mnscovite,  epidote,  apatite,  and  iron  ore. 

J.  Granitite,  Placerville  Canal,  Eldorado  County,  Cal.  Contains  biotite,  ortho- 
clase,  plagioclase,  and  quartz. 

K.  Augite-latite,  Table  Mountain,  Tuolumne  County,  Cal.  Contains  labra- 
dorite,  olivine,  augite,  and  magnetite.  - 

The  bases  extracted  from  these  four  rocks  were  as  follows,  in 
percentages: 


Al,0„Fe^O,. 

CaO 

K,0..-- 

Na,0 


H.          1 

I. 

0.33 

0.10 

.22 

.29 

.41 

.20 

4.38  ' 

.33 

0.58 

none 

.20 

.23 


0.60 

1.21 

.66 


Among  these  i^ocks  only  the  first  one,  the  phonolite,  was  seriously 
affected;  and  it  is  difficult  to  account  for  the  large  amount  of  soda 
extracted.  Neither  nepheline  nor  segirite  taken  alone  gives  up  nearly 
so  much  soda  as  was  liberated  in  this  case,  and  no  other  sodium  min- 
eral has  been  reported  present  in  the  rock.  In  the  other  cases  the 
amount  of  extraction  is  small  and  amounts  to  no  more  than  the  plus 
error,  which  was  pointed  out  at  the  beginning  of  this  discussion. 

Taking  all  things  into  account,  it  seems  probable  that  the  analytical 
method  proposed,  although  far  from  exact,  is  capable  of  some  devel- 
opment, and  is  likely  to  yield  results  of  some  value.  *  Perhaps  it  might 
be  improved  by  taking  into  account  the  quantities  of  ammonia  retained 
by  the  washed  residues.  From  that  source  one  estimate  could  be 
derived,  and  from  the  alkali  in  solution  another;  the  two  should  give 
better  information  than  either  determination  alone.  But  the  preci- 
sion of  ordinary  analytical  processes  is  not  to  be  expected  here,  and 
only  useful  approximations  can  be  anticipated. 

«  For  additional  data  and  the  analyses,  see  Bull.  U.  S.  Geol.  Survey  No.  168,  pp.  08, 190,  205,  ai7. 
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SUMMARY. 

In  the  foregoing  pages  we  have  considered  the  action  of  ammonium 
chloride,  at  its  temperature  of  dissociation,  upon  31  mineral  species. 
We  have  shown  that  its  influence  upon  various  silicates  differs  very 
widely,  but  that  in  general  it  is  a  much  more  powerful  reagent  than  has 
been  generally  supposed.     The  results,  in  brief,  are  as  follows: 

First.  Analcite,  leucite,  natrolite,  and  scolecite,  lieated  with  dry 
ammonium  chloride  to  350°  in  a  sealed  tube,  yield  alkaline  chlorides 
and  an  ammonium  aluminum  silicate,  which  is  stable  at  300°.  The 
reaction  is  simply  one  of  double  decomposition,  the  sodium  or  potas- 
sium of  the  original  silicate  being  completely  replaced  by  ammonium. 
Analcite  and  leucite  give  the  same  product,  NH4AlSi20g.  Natrolite 
and  scolecite  yield  the  salt  (NH4)2Al2SigO,o.  T\ie  latter  compound  is 
a  derivative  of  orthotrisilicic  acid,  HgSigOio;  ^^^  i^  ^  separate  sec- 
tion of  the  memoir  its  constitution  and  its  relations  to  other  trisilicic 
acids  are  considered. 

Second.  A  similar  reaction,  a  double  decomposition,  takes  place 
incompletely  with  stilbite,  heulandite,  chabazite,  thomsonite,  laumont- 
ite,  and  poUucite.  Part  of  the  monoxide  base  is  removed  and  replaced 
by  ammonium,  without  change  of  atomic  ratios.  Cancrinite  is  also 
vigorously  attacked,  and  partially  transformed  into  a  zeolitic  body. 

Third.  Pectolite,  wollastonite,  apophyllite,  datolite,  ilvaite,  and 
calamine  are  violently  acted  upon  by  ammonium  chloride,  and  their 
molecules  seem  to  be  almost  completely  broken  down.  The  products 
of  the  reactions  are  mixtures,  and  no  ammonium  silicates  are  formed. 

Fourth.  Elffiolite,  sodalite,  riebeckite,  olivine,  serpentine,  phlogo- 
pite,  prehnite,  orthoclase,  albite,  oligoclase,  segirite,  pyrophyllite, 
leuchtenbergite,  and  xanthophyllite  are  but  slightly  attacked  by  dis- 
sociating ammonium  chloride. 

In  the  closing  section  of  the  work  we  have  shown  that  the  ammonium 
chloride  reaction  may  be  applied  to  an  approximate  quantitative 
determination  of  analcite  and  leucite  in  rocks,  thereby  aiding  some- 
what in  the  estimation  of  their  mineralogical  composition. 
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